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BOB'S HOME SERVICE -- VOLUME 7 

TECHNICAL REPORTS AND PLANS -- GENERAL TECHNICAL REPORTS AND PLANS 

DOCUMENT DATE 

T013-P09-603-005 11-18-81 

T013-P09-603-006 11-19-81 

T013-P09-603-007 11-19-81 

T013-P02-603-008 10-12-83 

DESCRIPTION 

Soil Boring Log Description (2 Pages) 

o Hole Number: K1 - 80 

Soil Boring Log Description (2 Pages) 

o Hole Number: K2 - 80 

Soil Boring Log Description (2 Pages) 

o Hole Number: K3 - 80 

Letter Report To: David A. Wagoner, 
Air and Waste Management Division, 
U.S. EPA Region 7 
From: Michael D. Gill, Vice President 
of Operations, Bob•s Home Service 
Re: Response to U.S. EPA•s Region 7 
letter of September 8, 1983 regarding 
denial of B.H.S., Inc. (54 Pages) 

o Monitoring Waiver 
Demonstration 

o Response to 
Deficiencies in Ertec 
Atlantic, Inc. Report 

Horizontal 
gradient 
Surface water 
balance 
Saturated 
conditions and 
porosity 

o Enclosure I 

Field Permeability 
Tests, Bob•s Home 
Service 
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BOB'S HOME SERVICE -- VOLUME 7 

TECHNICAL REPORTS AND PLANS -- GENERAL TECHNICAL REPORTS AND PLANS 

DOCUMENT DATE 

T013-P02-603-008 (continued) 

T013-P02-603-009 02-12-84 

DESCRIPTION 

0 Enclosure II 

Laboratory 
Permeability/Compactability 
Test, Bob's Home 
Service 

o Enclosure III 

Water Quality 
Evaluation, Bob's 
Home Service 

Letter Report To: Jane Ratcliffe, 
Program Manager, U.S. EPA Region 7 
From: Josepy M. Sorge, Associate of 
the Earth Technology Corporation 
Re: Response to applicant's comment 
dated October 12, 1983, Bob's Home 
Service (14 Pages) 

0 Ground-Water Quality 

0 Oxidized-Unoxidized 
Zones 

0 Horizontal Gradient 

0 Saturated Thickness 

0 Water Ba 1 ance 

0 Saturated Conditions 
and Porosity 
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DOCUMENT DATE DESCRIPTION 

T013-P09-603-010 08-10-84 Soil Boring Test (2 Pages) 

0 B.H.S. Area I 

Elevation 740 
Horizontal Sample 

T013-P02-603-011 08-08-85 Potential for Public Exposure to 
Hazardous Waste (350 Pages) 

0 Legislative Requirements 

0 Transportation 

0 Exposure Potential of the 
Unit • 0 Appendices 

Woodward-Clyde 
Environmental 
Assessment 
Environmental Risk 
Assessment for 1980 & 
1983 
Ten Largest Generators 

T013-P02-603-012 08-23-85 Appendix 0- Justification for the TOT 
Criteria Based on Risk Analysis 

0 Facility Description 
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I 
.ite _____ B_H_s ________________ cotL--:ty ______ w_a_r_r_e_n ____________ _ 

Location ____ ~.----~'----~'Sec. ,T. ,R. ,,;;"..l.:id. 
---------------------------

Other location as grid coord. Hole i Kl - 80' 
-------------------------- ------------------------·-----

Logged by Jim Williams 

------------------------

Dates 18 November 1981 
------------------------

Hole purpose: Exploration Piezometer ---------------------------- ---------------------
Monitoring_ Ot11er ____ P_e_rm_e_a_b_i_l_~_· t_Y ___________ _ 

Drilling equipment __________________________________________________________________ _ 

chem water sample or da ti.::g sample --------------------- -------------------------------
water first encountered after Water@ 45' 10" beginning of test :,s. 

----------------------
DESCRIPTION 

• 

Water 
at: 

7 2 hrs. 

Drill 
Prcc. 

ss 

Oeser· ion til 

For abbreviations of drill procedures, how 
about flt. auger fa, air ~, water w, roller 25-30 
bit E£_, shelby tube ~· ~plit spoon ~' water 
sample for cb.,mical tes::s '.vs, for dating ds, 
for water first er.caunt:-:red-'\7 , after _hs ,A 
A circle around a :;am~le '.oould mean w~ col-
lected a sample. £"or scil de script ic,!'l, I suq-
gest the followinq r-roceJ:.:.res: ''clay, silty, 

fa br·jwn, platy, fi'!:"m, rnc:>L:t, rcot t:oles, c::." 

In other words, matrix first, other consti
tuents second, then colcr, structure, strength, 
moisture, pecular. i ties, ar.d then eng ineerinq 
properties. Keep it br1ef and simple. 

Th~ck.-

r.ess 

5. ~: t 

2 1 of 
~------- ------------



/ K-1 80' / site. _____________ Hole ~ _________ county _______________ _ 

/.cation_\, __ \,_~, Sec._,T. ,R. ____ ,Quad ________________________________ ___ 

DESCRIPTION 

Water 
at: 

• 

Drill 
Proc. 

Thick-
Cescription Depth ness 

'-1st test @ 15psi - no water loss into piezometer noted 
held 15 min approx. I 

I 
Increased to 20 psi for 15 min approx - took approx. gal. total! 
Increased to 28 psi for 10 min approx - took approx. gal. total

1 Increased to 52 psi - to this point total take of wat r about 8 g.l. 

At the 52 psi for 5 min, took ~ gal. 
Continued total 10 minutes. 
Total test approx. 50 min. 
total take about 9 gal . 

I 
I 

I 



/ 70t3-Po1- &e 3 -oo i.&> 

BHS Warren Site Co~~ty 

• Loca_t_i_o_n~-_-:~~-~--~~-:1-a-,~~~-_-l4_,_S_e_c-.---.-T. -~~-.-P.-.-.- ,Q~.l-a-d-.--~~~~~~~~~~~~~~~~~~~~~~~~-----

• 

K-2 80' Other location as grid coord. Hol~ ~ 
----------------------~ ---------------------------

Logged by ___ J_i_m __ w_i_l_l_i_a_m_s __________ _ 

Dates 19 November 1981 
-----------------------

Hole ;urpose: Exploration Piez~~~ter ----------------------------
Field permeability test Mon~toring_ Other ----------------------------------------

Drilling equipment 
----------------~-----------------------------------------------

chem ~ater sample ____________ _;or da t i.ng sample _________________ _ 

wa~er first encountered after ~1s. 

DESCRJ:PTION 

Water 
at: 

72 .:"'~5. 

Drill 
Proc. 

ss 

f. a 

---------------------

Descri tion De ti1 

For: abbreviations of dr i 11 procedures, ~:ow 

about flt. auger fa, air ~· Na~er ~· roller 2~-JO 

bit rb, shelby tube st, split sr;:oc.::1 ~· ·...rater 
sample for cL-~mical tests •.-.rs, f0r .::..:tting ds, . 

- - I 
for: water first e1~countered '\1 , a:ter_h~~ ,A.j 
A cirr::le .3.L"ound a sample •.vould :":".e3.n we col- j 
lected a sample. For soil dcs-::ri;_:+:.:.on, r ~·.n- , 
gest the following procedures: ··_<! . .iy, silty, ! 
b:.-•:.wn, platy, fi!'m, moist, root :~.:.:.es, ·~:-" 

In other words, matrix first, o':~~r =onsti• 
tuents second, then color, stru:: t: ..:.re, str e11gtl<, 
moisture, pecularities, and the:-: e:,gineering 
properties. Keep it brief and .si."':'\ple. 

1 

lhi::~:-

I 
I .. , .. i .), . 

2 
Pa-:;e ___ ._of _____ _ 



jite ________________________ ~Hole # _________________ county ______________________________ __ 

411iation ____ \, ____ \, ____ \, Sec. ____ ,T. ____ ,R. ____ ,Quad_ 

K-2 80' 
DESCRIPTION 

Water 
at: 

• 

Drill 
Proc. Oeser n D 

18 psi- taking slightly less than 0.1 gpm- 25 tes 

40 psi - took 0.4 gal. per 5 minute, reduced to 0.3 
gal. per 5 minute, perhaps due to densification or 
possibly filling clay fractures for 30 minutes 

61 psi took 2 gal. per 5 minutes for 30 minutes. 
The seal blew or ejected water up hole between 

grout and surrounding soil • 

h 

Fage 2 of 2 

Thick-
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BHS Warren ~ite _____________________________________________ county _____________________________________ ___ 

Location __ ~.--~'--~, Sec. , T. , R. ,Quad. ·----------------------

Other location as grid coord. Hole = -------------------------- -----------------------------
K-3 80' 

Jim Williams Logged by ______________________ ___ 

Dates 19 November 1981 
-----------------------

Hole purpose: Exploration ______________________________ Piezometer 

Permeability test Monitoring Other ------------------------------------- --------------------------------------------
Drilling equipment ____________________________________________________________________ __ 

chem water sample -------------'----or dating sample _____________________ _ 

water first encountered ______________ after __________________________ :·;s. 

DESCRIPTION 

• 

Water 
at: 

7 2 hrs. 

Drill 
Proc. 

ss 

Oeser ion De t ·., ,, 

For abbreviations of drill procedures, how 
about flt. auger fa, air '!.• water ~· roller 25-30 
bit rb, shelby tube st, aplit spoon ss, water 
samp.ie for cl:~mical tests ~· for dating js, 
foe ·,.;ater first e1~countered 'V' , after ~1s ,A 
A c 1r:::le aro,..:.nd a sample '"ould r..ean we col
lecc.ed a sample. E':Jr soi.l description, I sug
gest the followinq procedures: "clay, si.lty, 

ihic~.:-

;:ess 

I 
' I 
I r ,, ' 

:J. \..• 

t 
r 

fa br•)wn, platy, fi!'m, moist, root holes, ~:." 

In other words, matrix first, other consti
tuer.tfi second, then co lot·, structure, strength, 
moisture, pecularities, and then engineering 
properties. Keep it brief and simple. 

1 2 Page ___________ of __________ __ 



Hole # County 
------------------------~ ----------------- ---------------------------------

/cation_\,~_\~-"-~ 

~-CRIPTION 

Sec. ____ ,T. ____ ,R. ____ ,Quad __________________________________ __ 

Thi:::k-
water 
at: 

• 

Drill 
Prcc. Description 

12 psi for 25 minutes 
0.2 gal/5 minutes 

28 psi for 25 minutes 
0.6 to 0.5 gal/5 minutes 

increased to 50 psi 
Blew seal or ejected water up hole between grout 

and dirt . 

Depth ness 

l 

2 2 
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INDUSTRIAL WASTE 
LANDFILL 

Route 1, Box 116F 
Wright City, Mo. 63390 

314-745-3371 

RECEIVED 

OCT 19 1983 

Cj ( 
I 

October 12, 1983 

David A. Wagoner 
AIR AND WASTE COMPLIAN< 

BRANCH 
Air and Waste Management Division 
USEPA, Region VII 
324 East Eleventh Street 
Kansas City, Missouri 64106 

Dear Mr. Wagoner: 

RE: Monitoring Waiver 
Demonstration 

This letter is in response to your letter of September 
8, 19 83 regarding the agency's denial of· the BHS, Inc. 
groundwater monitoring waiver request. It is our 
understanding that the decision to deny the groundwater 
monitoring waiver at the BHS facility was primarily based 
on the report by Ertec Atlantic, Inc. included with your 
letter. It is further our understanding that the · Waste 
Management Branch does not have a staff geotechnical 
engineer or hydrogeologist, thus, a detailed technical 
review of the Ertec report from that perspective has not 
been made. 

At my request technical consultants to BHS have 
reviewed the Ertec report. Their comments indicate errors 
of procedure and assumption ·which would significantly 
impact the conclusions of the report. Furthermore, 
additional studies have been conducted in conjunction with 
the state permitting procedure which have direct bearing on 
the monitoring issue. 

Don Sandifer was contacted by telephone on October 5, 
1983 and a meeting was requested to address and resolve the 
preceeding issues. Mr. Sandifer agreed that a meeting was 
in order blt requested that BHS first submit additional 
relevent information and a letter commenting on the Ertec 
report. The following general comments address the Ertec 
report and are numbered to correspond to report section 
numbers. Enclosures 1, 2 and 3 are copies of reports 
prepared by Woodward-clyde Consultants and relate to field 
permeability, leachate/liner compatibility and water 
quality respectively. We are prepared to submit additional 
comments and information as determined appropriate at or 
subsequent to the meeting. 
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David Wagoner Page 2 October 12,1983 

COMMENTS ON THE ERTEC REPORT 

Section 2.1 

The water quality data in Appendix J does not 
indicate similarity between the various water bearing 
units. Other monitoring data generated since 1977 and 
the supplemental information contained in Enclosure 3 
also refute the Ertec position. 

Section 2. 2 

Data included in the waiver demonstration indicate 
that the oxidized zone is not saturated thus the 
unsaturated zone would be greater than 15 feet thick in 
. the subject area. The Ertec report indicates no data 
which refute this. 

Section 2. 3 

The horizontal gradient is estimated by Ertec to 
be .3333. No data presented in the waiver demonstration 
would lead to a calculated gradient within the oxidized 
zone of 33 feet per 100 feet. This number (.3333) is an 
order of magnitude greater than the gradient indicated 
by the waiver demonstration data. Using the gradient 
indicated by this data would increase the Ertec 

·calculation for lateral travel time by a factor of 10 
Also, the results of additional field permeability 
tests in this zone have a bearing on the calculated 
rate indicated in the Ertec report. Utilizing the new 
data would result in a lower flow rate estimate. 

Section 2. 4 

We have the same comment regarding the horizontal 
gradient and permeability as that for section 2. 3 and 
further note that the assumption of a saturated 
thickness of 1 to 5 feet contradicts the previous 
statement regarding the unsaturated zone made in 
Section 2. 2 

Section 2.5 

Comments made in this section apparently assume 
the method described in the referenced EPA report 
(SW-168) is the only apropriate procedure to follow 
when preparing a surface water balance and that DEK 
appendix L was prepared using this document. Neither 
assumption is correct. It has been determined that the 
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David Wagoner Page 3. October 12,1983 

water balance presented in Appendix A of the Ertec 
report was not performed properly with respect to the 
SW-168 procedure and has resulted in incorrect 
conclusions. Without discussing specific errors at this 
time, it is noted that the annual values presented in 
the Ertec water balance do not balance. A water balance 
has been prepared following the SW-16 8 procedure 
accurately and the resultant calculated value for 
percolation remains zero as originally reported. 

Section 2. 6 

We do not have access to the HELP program at this 
time and, consequently, have not conducted an 
evaluation of the landfill design with this system. It 
is pointed out, however, that the DEK report did not 
contain all "values" necessary to run a program of this 
type and that certain parameters would have to be 
calculated or assumed from information presented. Mr. 
Sandifer indicated that he would attempt to obtain 
specific values for the HELP program input par aments 
used by Ertec and the rational for their selection., We 
reserve further comment until such time as those values 
are available. 

Section 2. 7 

We disagree with the Ertec assumption of saturated 
conditions and the value assumed for porosity. Our 
determination of percent saturation and porosity are 
derived from, "results of laboratory tests ••.• as well 
as personal observation" as indicated in the Ertec 
report. We believe actual conditions should take 
precedent over assumptions made in contradition to 
observed conditions. 

Chapter 3 

This chapter contains numerous assumptions which 
have no factual basis. Obviously, we disagree with 
conclusions derived from such assumptions. We reserve 
further comment at this time. 

Chapters 4 & 5 

We see no reason to comment specifically on these 
chapters at this time beyond noting a general 
disagreement with conclusions drawn from erroneous 
assumptions and calculations . 
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David Wagoner Page 4 October 12,1983 

I request an opportunity to discuss these issues in a 
meeting in Kansas City between appropriate members of your 
staff and BHS consultants. I further suggest that members 
of the Missouri Department of Natural Resources be present 
since the state monitoring program has a direct effect on 
this issue. Please coordinate the date & time with Ben 
Moore. He can be reached by telephone at 314-875-4618. 

It is a policy of BHS,Inc. to cooperate fully with all 
regulatory agencys when their recommendations or decisions 
have a sound basis. It should also be pointed out that BHS 
has installed the rnoni tor ing system indicated in the state 
permit application. We cannot however agree, without 
comment, to any decision to alter the monitoring system 
based on information as unreliable as that contained in the 
subject report. 

I look forward to an appropriate resolution of this 
matter. Please con tact me or Mr. Moore if you have any 
questions 

cc. Mr. John Doyle (MDNR) 

Sincerely, . 

//cldrpa~· Mt::ael D. Gill 
Vice President 
of Operations 
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ENCLOSURE 1 

David A. Wagoner 

October 12, 1983 

RECEIVED 

OCT 19 1983 
AIR AND WASTE COMPLIANCE 

BRANCH 
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FIELD PERMEABILITY TESTS 

BOB'S HOME SERVICE 

INTRODUCTION AND BACKGROUND . 

, 

Three field permeability tests and three laboratory permeability tests 

were performed by Woodward-Clyde Consultants (WCC) durin'g the period 

between August 30, 1983 and September 26, 1983 at the request of Love, 

Lacks, McMahon & Paule. · 

Two types of field permeability tests were conducted in the monitoring 

wells at Bob's Home Service (BHS). ·A non-in~rusive slug test was performed 

in monitoring well K2(0X) (see Figure 1). Well inflow tests were conducted 

in monitoring wells K3(80) and K4(80). The coefficient of_ permeability was 

also calculated for wells K2(0X) and K5(80) from well. recovery data 

contained in Appendix F of the permit application. 

The wee laboratory permeability tests were performed on samples of the 

unoxidized glacial till to obtain more accurate values of the coefficients 

of permeability. The wee laboratory permeability tests were performed in 

triaxia 1 compression devices with backpressur'e saturation, which is the 

most accurate laboratory method to evaluate the coefficient of permeability 

(Zimmie et al 1981). The results of the permeability tests are summarized 

on Table 1. 

The purpose of the field permeability tests was to evaluate the 

coefficient of permeability (hydraulic conductivity) of the oxidized 

glacial till and the unoxidized glacial till at the BHS site. A typical 

generalized geologic cross section of the BHS site is shown in Figure 2. A 

..... 
Segtember 27~ 1983 
WCC Project 13C051 Page 1 
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zone of perched water, which varies in thickness from 5 to about 20 feet, 

is located at the interface between· the oxidized and unoxidized glacial 

tills. Well K2(0X) is screened in the interface zone. Wells K3(80), 

K4(80), and K5(80) are screened in the unoxidized glacial till below the 

oxidized glacial till and above the sand aquifer. The sand filter pack for 
' ~ 

monitoring well K5(80) may extend in~o the oxidized zone so the coeff~ie~t 

of permeability measured in a field penneability test may be an average 

value of both the oxidized and unoxidized glacial tills. 

Previous field permeability tests were performed in both the oxidized 

and unoxidized glacial tills by Dan E. Klockow & Associates (DEK). The 

horizontal field coefficient of permeability was measured in wells Kl(OX), 

Kl(SO), K2(80), K3(80), and Kl(SA) using a pressure test.method. Due to 

the high pressures which were used, it is likely that the. values of the 

coefficient of permeability which were calculated from the tests were 

higher than the in-situ coefficient of penne~bility. The results of the 

pr~ssure tests are summarized in Table 1. 

Laboratory permeability tests were performed on soil samples from both 

the oxidized and unoxidized glacial tills. The Missouri Department of 

Natural Resources (MDNR) performed falling head permeability tests on four 

samples. Coefficient of permeability values were also calculated from 

consolidation tests performed by DEK. The values of coefficient of 

permeability determined by the laboratory tests are summarized in Table 1. 

~ 

September 27, 1983 
wee Project l3eOSl Page 2 



.. 
'- I I I. • 

• 

• 

(('• (- (~·.,odward·Ciyde Consultants 

METHODOLOGY 

Slug Test 

A non-intrusive slug test was performed in well K2(0X) using a 

down-hole head measurement device (DHHMD) developed by wee in accordance 

with the procedure outlined in Bower and Rice (1976). A schematic of the 

DHHMD is shown in Figure 3. 

The slug test was performed by lowering a sensitive differential 

pressure transducer to a specified depth in the water column of a well. 

The height of water in the well was then raised suddenly by submerging a 

11 Slug 11 or cylinder of known.volume into the well. The change in height~ 

11:0lt;;-was recorded at incremental times of 0.1, 0.5, 1.0, 2.0, 5.0, 8.0, 

15, 30, 60, 140 and 880 minutes from the output of the digital volt meter . 

A continuous readout of the test was provided by the strip-chart recorder. 

However, the resolution of the strip-chart recorder was much less than the 

resolution of the output from the digital volt meter. 

Well Inflow Test 

The well inflow tests were performed and analyzed following the 

methodology outlined in Hvorslev (1951). Well :inflow_ tests were performed 

in monitoring wells K3(80) and K4(80), which were completed in the 

unoxidized glacial till. These two wells contained no free water at the 

time of the test. 

The wells were filled with potable water from the Wright City water 

supply to a height approximately 5 to'l5 feet above the bottom of the well. 

The change in height of the water levels in the wells was measured at 

.... 
September 27, 1983 
WCC Project 13C051 Page 3 
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elapsed times of approximately 10, 20 and 30 minutes and then daily for 

about two weeks using a Soil Test water level indicator. 

Well Outflow Test 

The well outflow evaluation was performed using well recovery data 

contained in the permit application. The data were analyzed using the 

methodology outliryed in Hvorslev (1951) for well inflow and well outflow 

tests. After the installation of wells K2(0X) and K5(80), the water level 

in the wells slowly rose to an equilibrium position. The depth to water in 

each of the wells was measured two to three times per week for the six to 

eight week period until the equilibrium water. level was reached. The 

change in water level with time resulting from the installation of the well 

· is very similar to a well outflow test in which water is removed from a 

well and the recovery in water level in the well is measured as a function 

of time. The data from the well recovery after installation were treated 

as a well outflow test. 

RESULTS 

Slug Tests 

The data from the slug test performed in monitoring well K2(0X) was 

analyzed using the procedure presented in Bower and Rice (1976). The 

theory and equations were developed based on a modified form of the Thiem 

equation: 

Q = 2 KLtLn (*e/rw) j 
where Q is the flow rate (length 3 /time), K is the hydraulic conductivity 

( 1 ength/time), L is the 1 ength of the we 11 screen, y is the verti ca 1 

--September 27, 1983 
wee Project 13eOSl Page 4 
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distance between the equilibrium water level and the water level in the 

well at a given time after the slug has been placed in the well~ Re is the 

effective radius over which the changes in head is dissipated~ and rw is 

the radius of the well boring. 

The results of the calculations from the slug test data for well 

K2(0X) indicates that the coefficient of permeability varies between about 

-8 -7 5 x 10 and 2 x 10 em/sec. 

Inflow and Outflow Tests· 

The inflow and outflow test data from wells K3(80), K4(80), K5(80), 

and K2(0X) were analyzed using the equation for flow through a uniform soil 

presented in Hvorslev (1951). For the condition of variable head (rising 

or falling), the hydraulic conductivity may be calculated using the 

following equation: 

K. [~~ci;-~T) ] for 
ml) 
1J 4 

where K is the hydraulic conductivity (length/time), d is the diameter of 

the well riser pipe, m is the square root of the ratio of the horizontal to 

vertical hydraulic conductivity, L is the length of the well screen, 0 is 

the diameter of the well screen, H1 is the heigh~ of the water column at 

time t, and H
2 

is the height of the water column at time t 2• 

Since the soil surrounding wells K3(80) and K4(80) was unsaturated 

prior to performing the test, the coefficient of permeability has been 

calculated using the Hvorslev equatio~give/ an estimate of the order of 

magnitude of the in-situ hydraulic conductivity • 

.... 
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The range of values of hydraulic conductivity calculated using the 

Hvorslev equation are summarized in Table 2. 

CONCLUSIONS 

Based on a review of the field permeability data, the methodology of 

the field permeability tests, and the laboratory test data from MDNR and 

OEK, the primary conclusions are as foll_ow: 

1. Based on the -slug test and well outflow test data, the 

coefficient of horizontal permeability of the oxidized zone 

appears to be in the range of approximately 1 x 10-8 to 2 x 10-
7• 

2. Based on laboratory and field permeability tests, the coefficient 

of permeability of the unoxidized zone varies from approximately 

5 x 10-9 to 5 x 10-8 em/sec. · · ·· · · ·· 

3. Although Jhe pressure tests conducted by OEK were performed using 

a recognized procedure, the measured values of the coefficient of 

permeability were higher than exists in situ due to the high 
l'l1a::!J hA.tle, 

pressures which were used. The high pressur~1nduced leakage 

around the seal and may have hydraulically fractured the soil or 

opened existing joints or cracks, thus, giving high values of the 

coefficient of permeabili~y. 

4. There is generally good agreement between data from the 

unoxidized till obtained using all of the test methods. The slug 

tests and inflow and outflow tests yield results which are about 

... 
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equal to the falling head permeability tests and are between the 

values obtained from the consolidation tests and the field 

pressure tests • 

.... 
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i Test 
Performed 

By 

MDNR 
MDNR 
MDNR 
MDNR 
DEK 
DEK 
DEK 
DEK 
DEK 
DEK. 
DEK 
DEK 
DEK 
DEK 
DEK 

Sample 
Number 

BHS I 
BHS II 
BHS II I 
K6 
1 
Kl 
K2 
K3 
K3 
K4 
K5 

TABLE 1 . 
HYDRAULIC CONDUCTIVITY CALCULATED FROM. 

PREVIOUS PERMEABILITY TEST DATA 

Test 
~ 

lab. F. H.' 
lab. F. H. 
lab. F. H. 
lab • F. H. 
Conso1 2 

Con sol 
Consol 
Con sol 
Con sol 
Consol 
Consol 
Pressure Testl 
Pressure Test 
Pressure Test 
Pressure Test 

Sample 
location 

Test Pit 
Test Pit 
Test Pit 
Well K6 
Well Kl 
Well Kl 
Well K2 
Well K3 
Well K3 
Well K4 
Well K5 
Kl(OX) 
K1(80) 
K2 (80) 
K3(80) 

Oxidized 
Coefficient of 
Permeability 

(em/sec) 
-8 1.6 X 10 _8 1.1 X 10 _6 8.4 X 10 

4 X 10-9 to 2 X 10-8 

4 X 10-9 to 2 X 10-8 

2 X 10-6 to 1 X 10-5 

•!- Laboratory Falling Head Penneabi-11ty Test 
2 - Laboratory Consolidation Test 
3 - Field Pressure Test 

WCC Project 13C051 

Unoxidized 
Coefficient of 
Penneabi 1 i ty 
(em/sec) 

4.9 X 10-8 

-8 l·! ~g-~·tox6l~ 10-8 

9 X 10:~ to 2 X 10:~ 
3 X 10_9 to 5 X 10_8 5 X 10 to 1 X 10 

3 X 10:~ to 9 X 10:~ 
9 X 10 6 to 3 X 10 
1 X 10-

• 

., 
) 

--, 

\, 

~ 
.l 
0 
c. 
~ 
I)J .. 
c. 
Q 
'< c. 
~ 

n 
0 
:J 
Cll c -.. 
I)J 
:s 
en-



. ,. .. · 
( 

Well 
Number 

K2(0X) 

K2 (OX) 

.K3(80) 

K4(80) 

K5(80) 

( . (ioodward·Ciyde Consultants 

TABLE 2 

HYDRAULIC CONDUCTIVITY BY 
FIELD PERMEABILITY TESTS 

Type of Test 

Slug 

We 11 Outflow 

·Well Inflow-*" 

Well Inflow* 

Well Outflow 

Hydraulic Conductivity 
(em/sec) 

5 X 10-8 to 2 X 10-J 

1 to 2 x lo-8 

1 to 2 x lo-8 

5 to 8 x 10-9 

.1 to 5 x 10-8 

*,%;e : .· 7isfs ;>..,-,t;,.,-n?ec/ /n 1'"--Y;?d/'y J~d .$o//. 
. . ~ . .• ... _,..... .. .. . 
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INTRODUCTION 

LABORATORY PERMEABILITY/COMPATIBILITY TESTS 
BOB'S HOME SERVICE 

7J}/S f/Md 8( 

(/ -.:?9-/.!3 1 7td-

Three permeability and two leachate/soil compatibility tests were 

performed on soil specimens from the unoxidized zone. The soil specimens 

were trirrmed from Shelby-tube soil samples which were obtained from borings 

from the floor of the progressive trench area. The boring locations are 

shown in Figure 1. 

The procedures used to perform the permeability tests were consistent 

with the methodology specified by the Army Corps of Engineers (1970), for 

"Permeability Tests with Back Pressure." The leachate/soil compatibility 

tests were performed in an identical manner to the permeability tests 

except that leachate from cell 1-N was substituted for ground water as the 

permeant in the test. 

SOIL/LEACHATE CO~tPATIBILITY 

All previous permeability tests, both in the laboratory and the field, 

were conducted either with ground water from the area, pore water (for the 

consolidation tests), or distilled water. The u~e of distilled water as a 

permeant has been shown by Olson and Daniel (19Sl) to give a ratio of 

measured K to Correct K of about 5/1000 to l/10. 

The effects of a leachate stream on soil will depend primarily on the 

types and concentrations of chemicals or compounds present in the leachate, 

the pore water chemistry, the type of soil, the pH, and the effective 

stress of the soil. Anderson and Green (1981), Anderson, Brown and Green 

Septemb~27 1983 
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(1982), and Green, Lee and Jones (1981) performed experiments which show 

that certain organic and inorganic chemicals react with clay soils and may 

cause increases or decreases in the coefficient of permeabi 1 ity of the 

soil. The experiments were performed in fixed-ring permeameters, on 

unsaturated samples, with permeants at 100 percent concentrations. 

The effect of a leachate on a given soil cannot be evaluated from 

existing data. The only way to evaluate the effect of a leachate on a 

given soil would be to conduct permeability tests using the leachate as the 

permeant in the test. 

METHODOLOGY 

Two Shelby-tube samples were obtained from borings in the floor of the 

progressive trench area at the locations shown in Figure 1~ The floor of 

the progressive trench was approximately 5 to 10 feet below the interface 

between the oxidized and unoxidized glacial tills at the location where the 

samples were obtained. 

Two borings were advanced to a depth of about 5 feet using 

4-inch-diameter· continuous-flight augers. One Shelby-tube sample was 

obtained at the bottom of each of the two borings·. PVC caps (snug fitting) 

were placed on each end of the Shelby tube and the'ends were wrapped-with 

duct tape. 

The Shelby tubes were then placed in plastic bags, placed in coolers, 

packaged in Styrofoam, and shipped to the Woodward-Clyde Consultants'· (WCC) 

soils laboratory in Overland Park, Kansas. 

Septemb~27 1983 
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Three permeability tests were performed on 2-inch-diameter by 

2-inch-high soil specimens trimmed from the Shelby-tube samples from the 

unoxidized zone. The permeability tests were performed in triaxial 

compression devices with backpressure saturation. One permeability test 

was performed with ground water from the BHS site. The other two 

permeability tests were performed first with ground water from the BHS site 

and then with leachate from organic trench lN. 

The soil specimens were trirrmed to size from soil extruded from the 

two Shelby tubes and placed in double latex membranes in the triaxial 

cells. Ground water was used as the cell fluid to decrease the potential 

for the creation of an osmotic gradient across the sample membrane. 

The soil samples were then backpressure saturated and the samples 

consolidated to an effective stress of 40 psi. The samples were allowed to 

:_:::consolidate for twenty-four hours prior to beginning the permeability test. 

The first permeability test was conducted using ground water from well 

GMl as the permeant. The hydraulic gradient was increased in increments 

and the coefficient of permeability was measured twice at each gradient. 

Figure 2 shows the relationship between hydraul i.e gradient and coefficient· 
.. 

of permeability for the soil specimen. The axial and total volumetric 

deformation were monitored during consolidation and.the permeability tests. 

The results show that negligible consolidation .occurred at gradients of 50, 

100, or 200. To facilitate recovery of data, subsequent permeability tests 

were performed with a gradient of 500 and the axial and total volumetric 

deformations were monitored for evidence of consolidation. 

Septemb~27 1983 
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The permeability tests on samples BHS 2 and BHS 3 were set up 

identically to the test for sample BHS 1. After the sample was saturated 

and consolidated, the hydraulic gradient was increa$ed to 500 and a 

permeability test.was conducted using ground water from well GMl as a 

penneant. The permeability tests were performed for approximately 

twenty-four hours with a ground water permeant. No discernable axial or 

volumetric deformations occurred in the soil specimen. Leachate was then 

introduced into the inflow lines and used as the permeant. 

RESULTS 

The results of the permeability tests for ground water and leachate 

are given in Figures 2, 3 and 4 for samples BHS 1, 2 and 3, respectively. 

The coefficient of permeability values for ground water· for the three 

samples. ranged from 7 x 10-9 em/sec to 5 x 10-8 em/sec. The introduction 

of leachate as the permeant caused no change in the coefficient of 

permeability of the soil specimen. For sample BHS 2, the ground water 

coefficient of permeability ranged from 8 x 10-9 em/sec to 1 x 10-8 em/sec. 

The coefficient of permeability of sample BHS.2 using leachate as the 
-9 - -9 

permeant ranged from approximately 7 x 10 em/sec to 9 x 10 em/sec. For 

sample BHS 3, the ground water coefficient of permeability ranged from 7 x 

lo-9 to 1 x 10-8 •. The coefficient of permeability for sample BHS 3 using 

leachate as a permeant ranged from approximately 7 to 8 x 10-9 em/sec. 

September-27 1983 
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CONCLUSIONS 

The primary conclusions based upon the laboratory permeability and 

compatibility tests performed herein are presented below: 

1. The leachate permeant from organic trench 1-N does not increase 

or decrease the coefficient of permeability of the unoxidized 

glacial till. 

2. The coefficient of permeability measured in the triaxial 

permeability test of the unoxidized glacial till is in the range 

of approximately 5 x 10-9 to 5 x 10-8 em/sec. 

3. The results of the permeability tests performed in the triaxial 

compression devices are in the same range as the coefficient of 

permeability values calculated from the well inflow and outflow 

tests for the unoxidized glacial till. 

4. Permeability tests performed in triaxial compression devices with · 

back-pressure saturation are more 1 ikely to give representative 

values of coefficient of permeability than other types of 

laboratory permeability tests. 

September 27~ 1983 
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INTRODUCTION 
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· · {3 f}S (££;/s? 

WATER QUALITY EVALUATION 

BOB'S HOME SERVICE 

4---o'21-J3 J 764-

Seven water samples were obtained from locations at the Bob's Home 

Service (BHS) site (see Figure 1). Two ground water sam~les were obtained 

from the interface zone, two from the sand aquifer, and surface water 

samples ·were taken from the stream, upstream and downstream of the 

·facility, and the southern upgradient farm pond. 

METHODOLOGY 

The two ground water samples from the interface zone were obtained 

from monitoring wells K2(0X) and KS(OX). These wells were flushed by 

... bailing them dry. The wells were sampled in accordance with the procedures 

outlined in the National Handbook of Recommended methods for Water-Data 

Acquisition (1977). 

The ground water samples from the interface zone were obtained using a 

bailer which had previously been decontamin~ted. The bailers were 
,; 

decontaminated by first rinsing in acetone, followed by a thorough rinsing 

with distilled water. One bailer was dedicated to each well. 

The d~y following flushing, a water samP.le. was removed using the 

bailer. The first bailer of water was used to rinse the sample container 

and the plastic field test container. Subsequent bails of the ground water 

were used to fill the 1-liter sample container and the field test 

container • 

Septembe~3, 1983 
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Two ground water samples were obtained from the first sand aquifer 

from we 11 s GMl and GM4. These we 11 s have permanent submers i b 1 e pumps 

installed in them and had not been developed prior to flushing. The wells 

were flushed the day before sampling by engaging the submersible pump. 

Approximately one well volume of water was removed and the wells went dry. 

The pumps were again engaged after approximately 15 minutes but there was 

no water in the wells. The wells were sampled the following day by 

directly filling the 1-liter sample container and the field test container 

directly from the effluent port on the well casing. 

The upstream water sample was obtained from a depression in the creek 

bed of the east stream approximately 150 to 200 yards upstream of the

confluence of the east and west streams, which was upstream from all waste 

disposal areas. The downstream sample was obtained from a depression in 
.. ! ~~ ; - ·.- .• .-. ""--

the· creek bed approximately 25 yards north of the south stream diversion 

structure. The containers were rinsed in the stream water and the upstream 

and downstream samples were obtained by direct iiTITiersion of the sample 

container and field test container. 

A water sample was also obtained from the e~st bank of the south farm 

pond, just west of the landfill. The water sample was obtained using a 

clean plastic (distilled water) container. The water from the container 

was used to rinse and fill the 1-1 iter sample container and the remaining ·. 

water was used for the field tests. 

The pH of the sample was measured in the field using a Cole-Palmer 

Oigi-sense pH meter. The pH meter was calibrated prior to each measurement 

using a pH 7 buffer solution. The drift of the meter was checked after 

Septembe~3, 1983 
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each sample measurement by again submersing the probe in the pH 7 buffer 

solution and recording the measured pH. 

The temperature and specific conductance of each sample were measured 

using a Yellow Springs Instrument Model 33 SCT meter which was calibrated 

prior to use on the project. The pH, temperature, specific conductance, 

and physical description of all of the samples are summarized in Table 1. 

RESULTS 

Each of the seven water samples were analyzed for the cations Calcium 

(Ca), Magnesium (Mg), Sodium {Na) and Potassium {K) and for the anions 

·Bicarbonate (HC03}, Carbonate (C03), Sulfate (so4) and Chloride (Cl). The 

results of the laboratory analyses are summarized in Figures 2 through 8. 

·The anion and cation concentrations in mg/1 were converted to meq/1 . .. ·-· . .. . . . ,,l. .·· .... - - . 

and plotted on Stiff (Freeze and Cherry, 1979} and Piper Diagrams (Piper, 

1944); see Figures 2 through 8. The charge balance and Total Dissolved 

Solids were calculated for each sample and are summarized in Table 2. 

CONCLUSIONS 
.. 

The charge imbalances for the water samples preclude a quantitative 

analysis of water quality. However, the primary qualitative conclusions 

are as follow: 

1. The ground water in the interface zone does not appear to be the 

primary source of recharge to the sand aquifer. Based on a 

review of the water quality data, there does not appear to be a 

Septemb~3, 1983 
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direct hydraulic connection between water in the interface zone 

and water in the sand aquifer. 

2. The upstream, downstream, and pond water samples have similar 

characteristics. 

3. There is not any appreciable difference in the water quality in 

the'upstream and downstream water samples. 

4. The anion and cation concentrations in the sand aquifer are about 

an order of magnitude lower than the concentrations in the 

interface zone.~_ 

September-23, 1983 
wee Project 13eOS1 Page 4 
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FIGURE 2 
Page of --

STIFF AND PIPER DIAGRAMS 

Project Kame Bob's Home Service Comp. by Neil 0. Williams 

Project Kunmer .:!:.1.x.;3C~0~5:.4:1 __ _ 

Sample Number ....:.K=2...:::.0=X __ _ 

Loca ti_on We 11 K2 (OX) 

Date Taken ~9/'-'1~/..:.c:8¥.3 ___ _ 

CATIONS 

Ca 
Mg 
Ka 
K 

Total 

ANIONS 

HC03 
C03 
so4 
Cl 

Total 

mg/1 

650 
220 
115 
8.3 

meq/1 

32.44 
18.10 
5.00 
0.21 

55.75 

mg/1 meq/1 

441 
0 

1740 
74 

7.23 
0.0 

36.23 
2.09 

45.55 

% 

58 
32 

9 
1 

100 

% 

16 
0 

80 
4 

100 

Date 9/19/83 
Checked 6! -.:,.l>J~:'~---
Oate 1[?..7/si ..__ 

Piper Trilinear Diagram {After Piper. 1944) . 
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FIGURE 3 
STIFF AND PIPER DIAGRAMS 

Project Name Bob's Home Service Comp. by Neil D. Williams 

Project Number 13C051 

Sample Number- K50X 

Location Well K5(0X) 

Date Taken 9/1/83 

CATIONS 

Ca 
Mg 
Na 
K 

Total 

ANIONS 

HCO · 
co 3 

so3 

Cl
4 

Total 

mg/1 

500 
152 
93 
6.6 

meq/1 

24.95 
12.50 
4.05 
0.17 

41.67 

mg/1 meq/1 

369 
0 

1580 
22 

6.05 
0.0 

32.90 
0.62 

39.57 

% 

60 
29 
10 

1 

100 

% 

15 
·o 
83 

__2._ 

100 

Date 9/19/83 
Checked bY. __ ,.....~=..:K~--
Date ib~ ,__ 

,__ __ _ 
Piper Trilinear Diagram (After Piper, 1944) 

: . -: . :::-::::= ::;;.:.~ ~~: ··--·:=-:-: :::.-t.:-::::- ·: ·:·::..::· :.:· ··:_::.: .::::: r.:.;: .::-.::.f::: :=-:~:_~: :::::::-:= ::.7:--::±.::::-: :: =~~::; ......•.. ;.;;.;;. .. =F.-- __ ...__-.-+--·· ··==i· .. _t=.:j::::::::-- .,:::= __ ;1':- •. ~--·· .•.• f ...••. __, ·- ..:.:=t: ••. ········ 
, ........ ,..... •. ··- ·-.- -- .• .. . -· t-· .. -----r--r-_-- ---· ·-·· -·-- ---· . ---t· .• -~··::· .. ::.:-:::; 
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STIFF AND PIPER DIAGRAMS 

Project Name Bob•s Home Service Camp. by Neil D. Williams 

Project Number 13C051 

Sample Number --J.JIGM.:..lL... __ _ 

Location We 11 GMi 

Date Taken 9/1/83 

CATIONS 

Ca 
Mg 
Na 
K 

Total 

ANIONS 

HC03 
C03 
so4 
Cl 

Total 

mg/1 

160 
2.3 

108 
88 

meq/1 

7.9840 
0.1892 
4.6978 
2.2505 

% 

53 
1 . 

31 
15 

15.1215 . 100 

mg/1 meq/1 

0 
48 

372 
5 

0.0 
1.5997 
7.7450 
0.1410 

0 
17 
82 

__ 1 

9.4857 100 

Date 9119/83 
Checked by ,..."P....:...;;!~~~--
Date · zft7(~~ ,_ __ 

,_ __ _ 
Piper Trilinear Diagram (After Piper, 1944) 

. . . . . .. . . . ·:a . ....... . . . . l.--------· . . .. . . .. .. . . . . .. .. .. . .. . .. . . .. .. . . 
~a + ~ ·-- . : : : : : ; : ~ r;·-.- . . --:-· ~ t-··-.-. ·-tl-: :-: .-: -. -~: 1-: -:L- J:: 1?- . . ~: . :: . : .. :: : :: Cl ~ 

t-... --+, !.2--;~1--.:... -4 . ....: .. ~ .. :..;,__:,~....:... -.-+---..:....-++.~ . .......__..:...;..._ ---4-. -. ....:.~. +~~~ .. :..;_;,;_;F~:.:r=~--=---
. . ! ~ . . 

I ,-
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FIGURE 5 
Page of --

STIFF AND PIPER DIAGRAMS 

Project Name Bob's Horne Service 

Project Number J3C051 

Sample Number _,_~G;u.:M.~::~4:.__ __ 

location Well GM4 

Date Taken _9=1-=1:.~.-1.;::;83::..-__ _ 

CATIONS mg/l meq/l % 

Ca 144 7.1856 86 
·Mg . 0.4 0.0329 < 1 

Na 18 0.7830 9 
K 11.9 0.3043 4 

Total 8.3058 100 

ANIONS mg/1 meq/1 % 

HC03 0 0 0.0 
C03 24 0.7999 13 
so4 246 5.1217 86 
Cl 2 Q.05§4 1 

Total 5.9780 100 

Comp. by Neil D. Williams 
Date 9119/83 
Checked by PJ t 
Date ttlzz~z~'8~3---

, ........................ 
. .. •... ~ . - ' 

Piper Trilinear Dhgram (Af.ter Piper, 1944) ···· 

:. : .••• ..:· ... ··:.:. --· :···- ··---;=..:..:...::~::~..:..:::. ·:=.;:..:.:: :.::.:::_.:. -.:r.::: :::=:.;::: ·: :···t:··: ::···::.::. ·::.::-::·· :::.:: ·· ·
1 ... ···--·-·- __ ..___ -·-- ··==r.-·-~~:;::·- ___ .:..:....t--_·-:1~ ·- -- -_£.'"" ··--; ... ···-····· _:;-,;.. ......... .. 

;:::. ::::;:-::: :=~:-- ·~----r--~:;:::~~;;~~---:r-__ _: __ :..~!_":::_ __ ~;~. :~ .. _::: :~:;~.~~ .---::. ·: .:-·--~~~;.:~~·::~_1 
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FIGURE 6 
Page __ of __ 

STIFF AND PIPER DIAGRAMS 

Project Name Bob•s Home Service 

Project Number 13C051 

Sample Number _ _;u:.::s~--

location Upstream Sample 

Date Taken 9/1/83 

CATIONS mg/1 meq/1 % 

Ca 50 2.4950 78 
. Mg 6 0.4936 16 
· Na 2 0.0870 3 

K 4.2 0.1074 3 

Total 3.1830 100 

ANIONS mg/1 meq/1 % 

HC03 128 2.0978 87 
co3 0 0.0 0 so4 12 0.2498 10 
Cl 2 0.0564 _3_ 

Total 2.4040 100 

Camp. by Neil D. Williams 
Date 9119/83 
Checked&y "l> .lie.. 
Date '/z-z~V8~3-----,_ __ 

Piper Trilinear Diagram (After Piper,·l944) 

t-·· . ... . ~ ~-········ ...... . 

~~ .. :~r-:::; ~:~~----Y~- -~:.-~i_---=-~~~- --+-·-~-_: .. ~ ~ ... : .. : co . 
La : · · · · : : · · · • ./ · : · · · · : · : : · · • I· ~ lo.o.· : · · : · • HCOJ +J. .. 

l..... . : ·: :~_·:: :: C~~ ··::! ____ _i_ __ · ;:.( -~L __ -~L- ~_:__,_.J .. · .. ~ 
t.- . . . :: ; .. : :::::. : ,.;,__ : . . ... : . ~ . :. . : _"'\:. ; 
f'lO . . . . ..• , . · · · · . . • · 1 ·-...... · • . ./i . . . . . · . · · '\U 1t • 

I ,- .. 
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\ Page of --FIGURE 7 

STIFF AND PIPER DIAGRAMS 

Project Name --=B:;..;o:..;:b;_'..;;.s....:..:.Ho;;.:.m;.;.;e;;....;::S;..;:e..:...rv..:...l..:.... c::..;e=-------- Comp. by Neil D. Williams 

Project Number 13C051 

Sample Nu!l'ber OS _ ___;;~---
Location Downstream Sample 

Oa te Taken _......;:9;..r../..=.l~...,;/ 8:;.;;3;...._. __ 

CATIONS 

Ca 
·Mg 

Na 
K 

Total 

ANIONS 

Total · 

mg/1 

34 
5.3 
0 
5.3 

meq/1 

1.6966 
0.4360 
0.0 
0.1355 

% 

75 
19 
0 
6 

2. 2681 100 

mg/1 meq/1 % 

83 
0 

14 
_3_ 

.. 102. 
0 

14 
2 

1.6717 
0.0 
0.2915 
0.0564 

2.0196 100 

Date Q/12.183 
Checked bY _j).~~;:..:"-...;;;._ __ _ 
Date ttl~ zle;. 

' 
, __ 

Piper Trilinear Diagram (After Piper, 1944) 

. . . ! : : : ; : . : : ~ : • . . . ... : . :; . . .. 

·t-·-··.-···: ·-- .. :··.· :· : --:-·-.:.-:-:-:..:.r:-.. ·: ·. ; .. :: :;; =·-~-:- ......... ;:·.: .·: :·:: .. ;~----··· 
~. " .· · ·. :_ : ... :·. · .. · .. ·.· · . Cl rca + "' . . . : · · .. ' ·:: ·· · . ::.:: . ·. ::::: .: .. ::. :: : 

t-·--·-~!.....:..-4---=..;...:.~;.:.:_~..;.,;.;_-4_;_;._~~.6J.t~---lf--..;..,;..;_-F~~---=.:...;.;.;.F-~-+-=':..=-:-___;. __ 

: .l .. :.. .. .. 1 · ·!:-·· · ·j __ .. ~1 .. -Z ~~ .. ~-- ~-~L..:. ___L. ~-L~ ;_ ___ ; ... : 
; ca : · ... ::~~::: :.:.i ·:· /. :. ~ .. :. :·. -C':'. ... ~.: ... :~. :~ .::. HCOJ. ~ co., __ ,.. ~ 

I : : .... L::: :-: ~ ~ . ··:; ~. . : . ! ~ .. ~: ;.j... :. > . . : . i 
I---·- -·-·-- . ·- ----_,,L.;... __ r--·- --- ·----· . t._: : :· :::; :·:: ::::i. :. :t:'-.·.: :. :: /:. _;:. ..:· ... ;. ;:__: :.-..,;_ ; J"''a ....... -.. ... .....• .. r .. x /: -~u" 
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FIGURE 8 
STIFF AND PIPER DIAGRAMS 

Project Name Bob's Home Service 

Project Number 13C051 

Sample Number _.._pO=N=D __ _ 

Locati_on Upgradj ent Pond 

Date Taken _..,.9.._/..._1 .... 18~3'------

CATIONS mg/1 

Ca 16.4 
Mg 4.1 
Na 2.0 
K 3.1 

Total 

meq/1 

0.8184 
0.3373 
0.0870 
0.0793 

62 
26 . 
7 
5 

1.3220 100 

mg/1 meq/1 

(~oodward-Ciyde Consultants 
Page of --

Camp. byNeil D. Williams 
Date __9/19/83 
Checked o,y _.'Pr::j~~---
Oa te tjz..7(~ 3 , __ 

.._ __ _ 
• ··•·. •. '• .. ! ····-

ANIONS 

HC03 
C03 
so4 
Cl 

38 
0 

14 
4 

0.6228 
0.0 
0.2915 
0.1182 

60 
0 

28 
12 

Piper Trilinear Diagram (After Piper, 1944) _. 

Total 1.0325 100 

... ··-. . . . ... 
! . . ... ::::: . :. :. . . . . . . . :. : . : .. ::: ... : :· : ::.. .. :. :.: :; . . . . • . . . :. :: : . : ! .1-------- :. ·-- ..... , ... ~--· --- _.:..:..; __ .. . ...... . . . .. . . . .. . .. . .. -·---.-1--. --~-·-· 
~a ~ ~ ·. ::::;_ :: :· .. : : . :· :. ::~: : :;;:~::.:: :. :;:::· :~::~: · ~-- · ... :· .. : c1: 

f----~~~r---~----r---~-----~~~--~----+----+----+----+~-----k ·· · .. ... . • ) .. , : +-~ .. +:-t?J{ )t_ T .. t-: ~j~ ~+-· _ _! __ ~ -uc6J· ~ co
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~- TABLE 1 

SUMMARY OF fiELD ANALYSES * 
' . 

~ 

Method Temper-
I Sample of ature Conductance 

Location ·Time Recover~ ( oq . £!! (/tmhos/cm) Color Appearance 

K2(0X) 8:40 am Bailer 16 
.• t 6.6 . 2,890 Light Brown Slightly Cloudy 

.---., 

K5(0X) 9:15 am · Bailer 14.2 6.5 2,430 None Clear 
·) 

GMl 11:05 am Pump 17.9 . 11.5 1,480 Light Brown Slightly Cloudy 

GM4 10:15 am Pump 14.7 9.8 580 None Slightly Cloudy 
. ' 

Upstream (US) 12:35 pm Direct 23.3 6.4 230 Light Brown Cloudy 
Irrrnersion 

Downstream (OS) 9:45 am 01 rect 19.8 : 6. 1 .202 Light Brown Cloudy 
Irrrnersion 

Pond 9:55 am Plastic 25 6.3 133 None Slightly Cloudy 
Container \ 

.... ' ~ .. :) 
*All samples taken on Sept~mber 1. 1983 

WCC Project l3C051 

. ' 
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• TABLE 2 

._CHARGE BALANCE SUMMARY 

Charge Calculated 
Sample Balance* eH TOS Water 
Number (%) Lab · ~ie1d (mg/l) Type 

Pond +12.3 7.7 6.3 82 CaHC03 

OS (Downstream) +5.8 7.2 6.1 162 CaHC03 

us (Upstream) +13.9 7.7 6.4 204 CaHC03 

GMl +22.9 11.4 11.5 783 CaSO 
(sam~ Na) 

GM4 +16.3 10.5 9.8 446 CaSO 
(sam~ Na) 

KS (OX) +8.2 6.8 6.5 2,723 CaSO 
(sam~ Mg} 

K2(0X) + 10. l 6.7 6.6 3,248 CaSO 

• (sam~ Mg) 

·.;. ... • •• • • - 4 

· .. ., 
._ .. ·· .. ·· .... -... . ·· .. 

* Charge Balance (percent): zcations -zanions 
z.cations + .tamons X 100 (after Hem, -1970) 

• 
WCC Project 130!51 
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WATER QUALITY DATA 
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528 NORTH NINTH STREET - P.O. BOX 1858 - SALINA, KANSAS 67402-1858 - (913>825-7186 

LABORATORY REPORT PAGE 1 

============================================================================================~ 
CLIENT: WCC (13C051) 

ATTN: NEIL WILLIAMS 
5055 ANTIOCH ROAD 
OVERLAND PARK, KS GG203 

DATE RPTO: 09/13/83 
DATE RCVD: 09/02/83 
PURCHASE AUTH: 
FILE NO.: 83-9516 
ORDER NO.: 5042 

============================================================================================ 

LAB NUH8ER: 83090052 
SAMPLE DESCRIPTION: K20X 

ANALYSIS 

AU( A liN IiY, PARTIAL 
ALKALINITY, TOTAL 
BICARBONATE 
CARBONATE 
CHLOR mE 
PH 
SULFATE 
C.:tLC IUI'I BY t1t1 
MAGNESIUM 
POT ASS IUii 
SODIUM 

CONCENTRr1TION 

o. 
441. 
441. 
0. 

. 74. 
G.i 
1740. 
850. 

8.3 
115. 

DATE SAMPLED: 09/01/83 
TIME SAMPLED: 840 

UNITS 

nG/L .!15 CAC03 
HG/L AS CAC0:3 
HG/L AS CAC03 
MG/L AS CACtJJ 
HG/L 
STANt)ARD IJNITS 
iiG/L 
MG/L 
HG/L 
i'IG/L 
HG/L . 

BOOK-Pt!IGE 

i 42-71 
t42-72 
i42-72 
1.42-72 
:\87-45 
166-65 
Htf--23 
2G2-78 
252-i8 
2G2-il 
252-71 

.; . . - . ·.-~. ~ ~ _. : .. ' ... 
. . :~~.,.~~i~~~-~,;..·;-·6.~~~-~ .. ~.7·;..:::·==~:· . .:: ·.. .:·. ~-~·.:.... ' · .. -~,; .~. ::..~-~-·-<···. .. 

. --CONCLUSION--LAB NUMBER: 830900S2 }{20X 

LAB HUHBER: 83090053 DATE SAMPLED: 09/01/83 
SAHPLE DESCRIPTION: K50X TIHE SAMPLED: 920 

ANALYSIS CONCENTRATION UNITS BOOK-PAGE 
-------- ------------- ---------
ALKALINITY, PARTIAL o. MG/L AS CAC03 142-71 
ALKALINITY, TOTAL 369. MG/L AS C.:tC03 142-72 
BICARBONATE 369. MG/L AS CAC03 142-i2 
CARBONATE o. HG/l AS CriC03 142-72 
CHLORIDE ... 22. MG/l 197-45 

.. PH - ... .., 6.8 . ST ANOARD UN ITS 166-65· 
SULFATE- .... . ..... 1580. MG/L 1%-23 
CALCIUM BY AA 500. nG/L 252-78 
MAGNESIUM 1G2. HG/L 252-iB 
POTASSIUM s.s HG/L 252-il 
SOD IUii 93. MG/L 2G2-i1 

--CONCLUSION--LAB NUMBER: 83090053 K50X 

• 



(- (-
LABORATORY REPORT 

• CLIENT: WCC <13C051> 

W I L S 0 N 

PAGE 

FILE NO.: 83-9516 
ORDER NO.: 5042 

==========================================================================================~: 

LAB NUHBER: 83080054 
SAMPLE DESCRIPTION: US 

AN~1L YSIS 

ALKALINITY. PART!~~ 

ALKALINITY, TOTAL 
BICARBONATE 
CARBONATE 
CHLORIDE 
PH 
SULFt=.TE 
CALCIUM BY 1111 
HAGNES IUM 
POTASSIUM 
SODIUM 

CONCEiHRAT ION 

0. 
128. 
128. 
0. 
2. 
7.7 
i2. 
50. 

4 ., ·-
2. 

--CONCLUSION--LAB NUMBER: 83090054 U 5 

• LAB NUMBER: 83090055 
SAMPLE DESCRIPTIO~: D S 

. .9.. . . • 

· · ·'.- ·-:.:.-· :·:.:.'-... ANALYSIS.~~- . 
• _. .• ·-· ,.., •.. ---.... ,.c: .. p:.,... . . - - ·-

ALKALINITY, PARTI~L 

ALKALINITY, TOTAL 
BICARBONATE 
CARBONATE 
CHLOR WE 
PH 
SULFATE 
CALCIUM B'f AA 
liAGNES !Uti 
POTASSIUM 
SOOIUti 

CONCENTRATION 

o. 
102. 
102. 
0. 
..., .... 
- ' '·~ 
14. 
34. 
5.3 
5.3 
NO<li 

--CONCLUSION--LAB NUMBER: 83090055 0 5 

LAB NUMBER: 83090056 
SAMPLE DESCRIPTION: POND 

ANALYSIS 

ALKALINITY, PARTIAL 

CONCEiHR AT ION 

v. 

O~TE SAMPLED: 09/01183 
TIME SAMPLED: 1235 

UNITS 

HG/L AS CAC03 
MG/L AS CAC03 
HG/L AS CAC03 
MG/L AS CAC03 
nG/L 
STANDARD UNITS 
MG/L 
MG/L 
HG/L 
MG/L 
HG/L 

DATE SAMPLED: 09/01/83 
T IriE SA.MPLED: 945 

UNITS .. 

MG/L AS CAC03 
HG/L AS CAC03 

.MG/L AS CAC03 
iiG/L AS CAC03 
MG/L 
STANC•AR[I UNITS 
liGiL 
l'IGiL 
MGIL 
MG/L 
MGIL 

DATE SAMPLED: 09/01/83 
TIME SAMPLED: 955 

UNITS 

MG/L AS CAC03 

142-71 
142-72 
142-72 . 
142-72 
i87-45 
1GG-E.5 
i~lb-23 

252-78 
252-78 
252-71 
252-71 

BOOH-PA( 

l42-71 
142-i2 
l42-72 
i42-i2 
1!=:17-:-45 
1GG-G5 
186-23 
252-iS 
2G2-7B 
252-71 
252-71 

BOOK-PA 

142-71 



\ 

. -,r ·• 
i 

• 

•• 

• 

W I L S 0 N 

LABORATORY REPORT 

CLIENT: WCC <13C051i 

PAGE 

FILE NO.: 113-951G 
ORDER NO. : 5042 

====================================================================================~======= 

LAB NUMBER: 83090056 (CONT.) 

ANALYSIS CONCElHRAT ION 
-------- -------------
ALKALINITY~ TOTAL 38. 
BICARBONATE 38. 
CARBONATE o. 
CHLORIDE 4. 
PH ~ -

I • i 

SULFATE 14. 
CALCIUM (-!'( ,;;. 1G.4 
MAGNESIUI'i 4.1 
F'OTt1SSIUH 3.1 
SODIUM -~ ... 

--CONCLUSION--LAB NUHBER: 83090056 FOND 

LAB NUnBER: 8309005i 
SAMPLE OE3CR IF'T ION: Gl'i 1 · 

ANAL'iS I~ 

-.. ~~-~-" :· :ALKALINITY. PARTIAL .. 
ALKALINITY~ TOTAL 
BIC,!iRBONI1TE 
CARBONATE 
CHLORIDE 
PH 
SULFATE 
CALCIUM BY AA 
HAGNESIUH 
POT ASS IUn 
SODIUM 

CONC EiHR.; T ION 

192.-, :;;.') .; .... 
21G. 
0. 
48. 
5. 
11.4 
372. 
160. 
2.3 
88. 
108. 

--CONCLUSION--LAB NUMBER: 83090057 GH 1 

LAB NUHBER: 83090058 
SAMPLE DESCRIPTION: GH 4 

ANALYSIS 

ALKALINITY, PARTIAL 
ALKALINITY, TOTAL 
BICARBONATE 

CONCENTRATION 

21. 
33. 
0 . 

UNITS 

MG/L AS CAC03. 
MG/L AS CAC03 
MG/l AS CAC03 
MG/L 
STANDARD IJN ITS 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

DATE SAMPLED: 09101/83 
TIME SAMPLEO: 1105 

UNITS 
---~.!··:·· ....... 

BOO.UPAGE 
---------

142-i2 
142-i2 
1~2-i2 

187-45 
i66-G5 
1%-23 
252-78 
2~.:-78 

252-71 
2G2-71 

;- HGiL A-S: CACOl.:; :~~::,~i;f.~l-!2~ 7t::~ 
MG/l AS CAC03 . 142-i2 . 
HG/l AS CAC03 
MG/L AS CAC03 

-HG/L 
STANDARD UNITS 
HG/L 
HGIL 
HG/l . 
HG/L 
HGIL 

: ... 

DATE SAHPLEO: 09/01/83 
TIHE SAHPLEO: 1015 

UNITS 

1'\G/L AS CAC03 
HG/L AS CAC03 
Htj/L AS CAt:03 

142-i2 
197-45 
166-65 
196-23 
252-78 
252-78 
252-71 
252-il 

!-- -··· - ' 

BOO~-PHf 

142-il 
i42-i2 
l42-72 
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LABORATORY REPORT 

CLIENT: WCC (13C051> 

W I L S 0 N L A 8 0 R A ( ~ (~t E S 

,, 
PAGE 4 

FILE NO.: 83-9516 
ORDER NO.: 5042 

===========================================================================================? 

LAB NUMBER: 83090058 <CONT.) 

· ANALYSIS 

CARBONATE 
CHLORIDE 
PH 
SULFATE 
CALCIUM BY AA 
l'iHGNESIUli 
POT.:tSSIUM 
SODIUM 

CONCEiHRAT ION 
-------------
24. 
2. 
10.5 
24G. 
144. 
0.4 
11.9 
18. 

--CONCLUSION--LAB NUMBER: 83080058 GM 4 

UNITS HOOK/F'AGE 

---------
HG/L AS C.::tC03 j42-72 
MG/L l97-45 
STANDARD UNITS 166-65 
MG/L 196-23 
iiG/L :.:52-78 
MG/L 2S2-78 
Mij/L 252-71 
MG/L 2S2-71 

-------------------------------------------------------------------------------------------· 
ND<l, WHERE NOTED~ INDICATES NONE DETECTED-WITH THE DETECTION LI~IT I~ PAREWTHESES. 

ANALYSES WERE PERFORliEO ON SAMPLES ~S RECEIVED BY WILSON LABS UTILIZING APPROVED PROCEDURES 
PUBLISHED IN THE FEDERAL REGISTER~ VOL. 44, NO. 233~ DEC. 3, 1J79 (69568-69575) AND AS 
~MENDED IN THE FED. REG.~ VOL. 44~ NO. 244. DEC. 18~ 1979 . 

••• •• -· _ ...... 4 ·~.·-.- ... ~.:.. ... ~- • .. ........ ·-· .... -~-· .... • ....... . 

. :,¥.,;_~..;;~~-W ILSOt(LABO.RATOR IE 57,.. __ ; .• : ;:~;:.;.~ .... _,,~-• .:.-.-..:.L~>---- -'~::-~ ·, ;.~_.:;,~ ~i,:~~:t, .. ,:_·:.; .. >.:...:-~:. ~~~ .. ,~l·.:.._:. . .._ ... ;_:.:;;.~~~::: ..• : ~~; 
·./)~--~~-!~ ·:.I;;'J.c-.f!..'ll'-->
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-,;, d The Earth Technology 
__. Corporation 
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500 Elizabeth Avenue, Suite 100, Somerset, New Jersey 08873 

Telephone: (201) 560-1650 

12 February 1984 

Ms. Jane Ratcliffe, Program Manager 
u.s. Environmental Protection Agency 
Region VII 
State and Local Assistance Work Unit 
324 East 11th Street 
Kans~s City, Missouri 64106 

Dear Ms. Ratcliffe: 

I have attached the Earth Technology Corporation's final report on our review 
of the comments recieved from Bob's Home Service. The report was prepared by 
Mr. Dean Gregg after his discussion with Mr. Sandefur regarding our 
preliminary report. Following your evaluation of our report please contact us 
regarding the need for a further meeting between Mr. Gregg and your staff • 

Thank you for the opportunity afforded to the Corporation through this 
assignment. Should you have any questions please contact Mr. Gregg or myself. 

Yours truly, 

()~h~ 
Josepy M. Sorge 
Associate 

JMS/smf 

cc: Dean Gregg (ETW) 
Mr. Sandefur (EPA) 

FEB13 lSa~ 

IQfa VII. lasu CitJ, ~i UlOB 
" 
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RESPONSE TO APPLICANT'S COMMENTS 
DATED OCTOBER 12, 1983 

BOB'S HOME SERVICE 

The review of the data and reports prepared for ~ob's Home 

Service is complicated by inconsistent labeling of wells and 

piezometers. Further compounding the problem is the lack of precise 

geohydrologic definition of the site and the quality of the 

supporting data. Finally, the required information and data are 

scattered through several reports further complicating the task 

of in~erpreting the site information provided. 

Section 2.1 

October 12, 1983 comment indicates disagreement with Ertec's 

position that the water quality data indicates similar ground-water 

quality from saturated glacial drift and from limestone bedrock 

aquifers. From the data in Appendix J of the DEK report and from 

data presented in Enclosure 3 of the October 12, 1983 both positions 

can be weakly.argued. 

The ground-water quality for all units is generally of the 

calcium-sulfate type. Concentrations of mean values of constituents 

in ground water from monitoring well MW, tapping materials at the 

glacial drift and bedrock contact is quite similar to mean 

concentration values from ground water from the P-series of 

piezometers tapping the oxidized-unoxidized contact zone of the 

glacial drift (FIT Project Report, May 8, 1981, p. 4-10}. An 

• average·of the mean values of chemical constituents in ground water 

from the P-series piezometers are as follows: specific conductance, .... 



·.· ... ... :. 

' ' cr· 2 

• 1870 umhos; hardness, 1376 mg/1; and chlorides 20.3 mg/1. This 

compares for ground-water concentrations from well MW as follows: 

specific conductance, 1920 umhos; hardness, 1473 mg/1; and chlorides 

32.5 mg/1. The Wash Well and the Zykon well tap bedrock; and 

ground-water samples collected on 11/20/81 had specific conductances 

of 1640 and 500 umhos; hardnesses of 1215 mg/1 and 274 mg/1; and 

chlorides of 9 mg/1 and about 0., respectively (DEK, March 6, 1983, 

Appendix J.} From these data and comparisons it can be argued that 

ground water contained in the oxidized-unoxidized contact zone, the 

glacial drift-bedrock contact materials, and the bedrock is similar 

in quality. 

From data presented in Enclosure 3 of BHS response of October 12, 

• 1983, a different interpretation is possible. Sample·s of ground water 

were collected September 1, 1983 from K2(0X), K5(0X}, GMl, and 

• 

GM4 for analyses. The results indicate that the waters are of the 

calcium-sulfate type. Water from K2(0X} and K5(0X), both tapping 

the shallow oxidized-unoxidi~ed contact zone, contains much higher 

concentrations of dissolved solids (as indicated by the specific 

conductance) than does ground water from GMl and GM4 both tapping 

the upper sand unit. The following table·· is used for comparison: 

pH sc Hco3 
mg/1 

Cl 
mg/1 

so4 
mg/1 

Ca 
mg/1 

Mg 
mg/1 

K 
mg/1 

Na 
mg/1 

K2(0X} 
K5(0X) 
GMl 
GM4 
Kll* 

6.7 
6.8 

11.4 
10.5 

7.2 

2890 
2430 
1480 

580 
600 

441 
369 

0 
0 

288** 

74 
22 

5 
2 
2 

1740 
1580 

372 
246 
120 

650 
500 
160 
144 

96 

220 
152 

2.3 
.4 

2.8 

8.3 115 
6.2 93 

88 108 
11.9 18 

70 

(*DEK Report, Appendix J, Nov. 20, 1981 sample from well Kll. Based on 
the static water level of 46.2 feet, the water level elevation is about 
713 feet. This then corresponds to well Kll(SA)~) 
(** calculate,!ll 

= 
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~ There is a substantial difference in concentration of almost all 

constituents with the ground water from the oxidized-unoxidized 

contact zone being much more concentrated than the ground water 

from the upper sand unit. The ground water from the oxidized-

unoxidized contact zone from wells K2(0X) and K5(0X) has a higher 

SC value (2660 umhos(mean) versus 1870 umhos) and chlorides (48 mg/1 

(mean) versus 20.3 mg/1) when compared with ground water for the 

P-series piezometer also tapping the oxidized-unoxidized contact 

zone (5-13) as stated in FIT Report (May 8, 1981, p. 4-10). This 

may indicate that the ground water from the oxidized-unoxidized 

contact zone sampled September 1, 1983 from wells K2(0X) and K5(0X) 

3 

is atypical. Further the water samples from GMl and GM4 are believed 

• 

~ 

to be unrepresentative of water in the first sand unit because the 

wells were probably not developed. Enclosure 3, October 12, 1983, 

p. 2 states the following: 

"Two ground water samples were obtained 
from the first sand aquifer fromwells GMl 
and GM4. These wells have permanent 
submersible pumps installed in them and had 
not been developed prior to flushing. The 
wells were flushed the day before sampling 
by engaging the submersible pumps. 
Approximately one well volume o~ water was 
removed and the wells went dry. The pumps 
were again engaged after approximately 15 
minutes but there was no water in the wells. 
The wells were sampled the following day by 
directly filling the 1-liter sample 
container and the field test container 
directly from the effluent port in the well 
casing.• 

From an assessment of that statement and the water quality analyses 

it is concluded that the water samples from GMl and CM4 with a 

" 
pH of 11.4 and 10.5, respectively, were probably not pure "ground-

water samples but were likely contaminated with r·esidual water ..... 

= .... 
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• 

• 

• 

from cementing the wells during construction. It should be noted 

that a potassium concentration of 88 mg/1 for GMl is a spurious 

value also. 

Ground water from well K-ll(SA) tapping the upper sand unit 

is dissimilar to water from the P-series piezometers tapping the 

oxidized-unoxidized contact zone in the glacial drift or the MW 

or Zykon wells tappi~g the drift-bedrock ~ontact or bedrock. 

Unfortunately, the water sample from K-ll(SA) was not analyzed for 

bicarbonate; however, by calculating the cation milliequivalents, 

the anion milliequivalents can be determined and the missing 

bicarbonate milliequivalents can be approximated. This resulted 

in a calculated bicarbonate concentration of 288 mg/1. The ground 

water from K-ll(SA) is of the calcium-sodium-bicarbonate-sulfate 

4 

type. This water type may appear to be erroneous; however, K-ll(SA) 

is located in a stream drainage, the water-level elevation is 

shallow and at a ground-water high, and the ground water had a high 

COD concentration. It is believed that the sand unit is being 

recharged in the area near K-ll(SA). Typically, ground water in 

recharge areas tend to be of the sodium-bicarbonate type which 

transitions to a sodium-calcium-bicarbonate-sulfate type to a 

calcium-sulfate type water with distance from a recharge area. 

However, even though ground water from piezometer K-ll(SA) appears 

to be representative of ground water in the sand unit in the recharge 

area, it may not be representative of ground water further down 

gradient in the upper sand unit. 

There is a lack ·of reliable and complete water quali~:y data 

to permit an accurate characterization of the ground water from the 



.·. · .. .··. ({-
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~ oxidized-unoxidized contact zone, the first sand unit, and from the 

drift-bedrock contact. The existing ground-water quality data from 

the oxidized-unoxidized contact zone and the glacial drift-bedrock 

• 

• 

contact are incomplete as they typically do not include analyses 

of basic water quality constituents (calcium, magnesium, sodium, 

potassium, sulfates and. bicarbonates). Thus, it is very difficult 

to reach a definitive conclusion other than there are similarities 

in the ground-water quality from the different hydrogeologic units. 

The data, however, do not conclusively support the Applicant's 

' contention that the water quality data do not indicate similarity 

between the various water-bearing units. 

Section 2.2 

The October 12, 1983 comment states that the Wavier 

Demonstration indicates that the oxidized zone is not saturated 

thus the unsaturated zone would be greater than 15 feet thick in 

the subject area. The Ertec report indicates no data which refutes 

this. 

The Ertec report (August 1983, p.3) states that • • the 

available data indicate that only the upper 10 to 15 feet in the 

vicinity of the Area 1 facility consists of unsaturated soils 

(loess or drift materic=1ls)." 

The monitoring records for the P-series piezometers, which 

tap ground water in the oxidized-unoxidized contact zone show 

ground-water levels varying from less than 10 to about 40 feet 

below top of casing. Assuming the casings stick up an average of 

2 feet above land surface, the depth of water ranges from 'iess 

than 8 to about 38 feet below land surface. Using the May 4, 1982 ... 

5 



. ·. ( -. 

' 

~ water-level data (DEK Report, Appendix J) the average depth to 

water below top of casing is 24.2 feet or 22.2 feet below land 

surface. The depth to water in the K(OX) piezometers ranges from 

only a few feet in Kll(OX) to dry conditions elsewhere (DEK Report, 

Appendix F). The ~ater levels in the P-series piezometers, because 

6 

of their locations, are probably more representative of water levels 

in the oxidized-unoxidized contact zone beneath the disposal site 

than those from the K(OX) series. Some of the deeper ground-water 

levels in the P-series piezometers are caused by a suspected 

discharge from the oxidized-unoxidized contact zone to alluvium 

along. the central stream. It is concluded that within the subject 

area, the oxidized glacial drift is partially saturated. The 

~ 
thickness of its unsaturated zone ranges from less than 8 to about 

38 feet and averages about 22 feet. The Ertec-reported range 

(August 1983, p.3) of 10 to 15 feet is somewhat narrower than the 

P-series piezometer data would indicate. 

Section 2.3 

The comment questions the horizontal gradient of 0.3333 used 

by Ertec for the oxidized zone. The comm~nt says that value is 

an order of magnitude higher than what is indicated by the Waiver 

Demonstration data. The comment also indicates that additional 

field permeability test data are lov~er than those used by Ertec. 

Ertec used water levels measured in P-series piezometer 

monitoring data from November 19, 1981 (DEK Report, Appendix J) 

~ 
and constructed a potentiometric map for the oxidized zone. In 

the vicinity of piezometer P-8, the constructed contours ihdicate 

a very steep gradient, about 0.444. Near P-9 th~ gradient is about 
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~ 0.19 and near P-7 it is about 0.20. The statement of an average 

permeability of 0.3333 is within reason. It could be argued that 

~ 

the water level elevation in P-8 is abnormally low (although the 

condition persisted) and that it erroneously controls the 

configuration of the contours hence gradient. Certainly there 

could be other equally valid interpretations of the data. However, 

the gradient is high. For example if the ground-water elevation of 

P-9 and P-10 and taken from November 19, 1981 at 735 feet and 757 feet, 

respectively (DEK Report, Appendix J), the gradient is 22/415 or 

0.155 (about half of the value stated by Ertec). Using the DEK 

potentiometric map 16 of 27, the gradients of ground water in the 

oxidized-unoxidized contact zone determined normal to the piezometer 

location, range from 0.143 at P-3 to 0.080 at MW and average 0.115. 

The comment that 0.3333 is magnitude of order higher than the 

gradient indicated by the Wavier Demonstration data is unsupported 

by those data. The DEK Report, Appendix J and the DEK map 16 of 

27 presents data indicating sradients of 0.155 and 0.115 (average),.; 

respectively. 

_____ .. 

The results of field permeability tests performed by Woodward

Clyde Consultants (WCC) during the periodbetweenAugust 30, 1983 

and September 26, 1983 were considerably lower than the 1 x lo-5 cps 

value used by Ertec for a horizontal permeability (hydraulic 

conductivity) value of the oxidized-unoxidized contact zone. wee 

used K2(0X) for their tests of that zone. 

The K borings were constructed with 1 l/2 inch ID PVC pipe 

~ and screen. The placement of sand and/or gravel around the screen 

was largely by dumping from the top. The deeper piezometers used 

-:::: 
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~ natural sand materials. A grout was placed above the sand as a 

surface seal. With the small diameter casing and the use of an 

~ 

~ 

auger drilling rig through plastic soils (in part) there is a 

concern as to how well the piezometer could be developed. The 

auger rig tends to smear the boring with any plastic clay materials 

sealing off fractures and more permeable sand or gravel lenses. 

If the piezometer was not developed thoroughly and if the clay 

coating was not removed from the boring walls then there would not 

be good hydraulic communication between the piezometer and the 

undisturbed soils. This would result in abnormally low hydraulic 

conductivities from in-situ testing. 

Most of the P-series piezometers tapping the oxidized-

unoxidized contact zone are sampled and their ground-water levels 

measured on a frequent basis. Appendix J of the DEK Report gives 

the resultant monitoring data. An analyses of those data were 

performed to determine hydraulic conductivities of the materials 

using the Cooper-Jacobs strai_ght line method. Although neither 

the data nor the method represents a rigorous analyses, the 

results are useful for comparison. Several assumptions were 

necessary to perform the analyses: 1 - the rate of withdrawal of 

water was 1 bail per 2 minutes; 2 - the water level was measured 

1 minute after bailing ceased; and 3 - the average screen length 

was 20 feet. The following table gives the approximate results. 

8 
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APPROXIMATIONS OF HYDRAULIC CONDUCTIVITIES 

Well 
No 

P-3 
P-S 

P-7 
P-10 

P-11 
Kll(SA) 

Date of 
Bailing 

9-01-81 
9-01-81 
5-03-82 
9-01-~1 
9-01:..81 

11-19-81 
5-03-82 
9-01-81 

11-19-81 

Rate of 
Bailing T 

( gpm) ( gpd/ft) 

0.37 27 
0.37 9.9 
0.37 7.7 
0.37 14.2 
0.37 9.8 
0.37 5.8 
0.37 5.1 
0.37 9.9 
0.09 1.9 

K 
(cps) 

6.5xlo-5 
2.3xlo-5 
1.8xlo-5 
3.3xlo-5 
2.3xlo-5 
1.4xlo-5 
1. 2xlo-5 
2.3xlo-5 
3.9xlo-6 

It is concluded that the P-series piezometers, because of their 

larger diameter ·casings (3 inches) and history of sampling are 

likely to be better developed and have better hydraulic connection 

• with the natural soil than does the K-series piezometers. Further, 

that the higher hydraulic conductivity values from the P-series 

piezometers are-more representative of the oxidized-unoxidized 

contact zone than are values from the K-series. Because of the 

9 

heterogeneity of the material and the secondary fracture permeability 

• 

which.has been developed, in-situ testing of properly developed 

piezometers will likely produce more repr~sentative hydraulic 

conductivity values than.laboratory testing of soil samples. 

From these data and analyses, it is concluded that it was 

not unreasonable for Ertec to use a hydraulic conductivity value 

of 1 x lo-5 cps to represent the oxidized-unoxidized contac~ zone. 

Section 2.4 

The comment was made that Ertec assumed a saturated ·thickness 

of 1 to 5 feet which would contradict their prev~ous statement 

regarding the~.msaturated zone in Section 2. 2. 

= ... 
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• The assumed thickness of the saturated zone of 1 to 5 feet 

was used to calculate the inflow into the landfill trenches and 

near the trenches~ It is proper to assume that near the trenches, 

where the gradient is steep, that the unsaturated thickness increases 

and the saturated thickness decreases. The value of 1 to 5 feet of 

saturation is reasonable near the trenches. Further west of the 

landfill trenches, the saturated thickness would be substantially 

greater. Thus, because of the location and how the information is 

used, the different Ertec statements regarding thickness of saturated 

or unsaturated materials are not contradictory. 

Section 2.5 

The comment states that the Applicant reestimated the water 

• balance using SW-168 procedure and the result was 0 percolation 

as originally calculated using some other (undefined) procedure. 

Further, that Ertec, following the SW-168 procedure, did not perform 

the proper analys~s and resulted in incorrect conclusions. 

Neither th~ App.licant nor Ertec had the correct water balance. 

The only water balance presented by the Applicant available for 

review was contained in the DEK Report, A~pendix L. That balance 

did not take into account the effect of soil moisture and soil 

moisture difficiencies on the actualjpotential evapotranspiration. 

Ertec performed the water balance calculation properly throughout 

the procedure except for the final calculation for percolation. 

Ertec mistakenly assumed that monthly positive values of I-PET or 

I-AET would be equivalent to percolation values for those months. 

• Ertec neglected to consider moisture return to soil storag~ during 

months where I is greater than PET or AET. The corrected values .. 
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for percolation (in inches of water by month are as follows: 

Nov Dec Jan Feb Mar Apr Mar Jun Jul Aug Sept Oct Tot 

PERC 0.00 0.00 0.00 0.00 0.57 0.35 0.03 0.00 0.00 0.00 0.00 0.00 0.95 

Thus, the correct calculated value using SW-168 for percolation is 

about 1 inch per year and not zero as claimed by the Applicant 

nor 4.27 inches per year as originally calculated by Ertec. 

Ertec also calculated 2.5 inches per year percolation using the HELP 

model. Because this is a different procedure from that described 

in SW-168 and the merits of the two methodologies cannot be readily 

assessed, the percolation rate should be considered in a range from 

about 1 to about 2.5 inches per year. 

Section 2.6 

No response necessary to this comment. 

Section 2. 7 

Comment made that Applicant disagrees with Ertec's assumption 

of saturated conditions and p_orosity and prefer their values from 

laboratory tests and observations. 

The value of effective porosity.of 0.01 to 0.10 is reasonable 

and in agreement to literature and general practice. This value 

is not to be confused with the larger value of porosity. 

With regards to the assumption that the unoxidized zone is 

saturated, it is very clear that it is an assumption for a 

conservative case calculation. More importantly, the effect of the 

"observed" vertical joints in the unoxidized drift (Ertec, August 1983, 

• p. 7) has not been defined by the Applicant. These joint~ could be 

rather effective conduits to ~onvey fluids from the landfill to the 

upper sand urW.t. 
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• Section 3 

No response necessary to this comment. 

Section 4 and 5 

No response necessary to this comment. 

After reviewing the information, several unanswered questions 

arise concerning the hydrogeologic regime which have not been 

addressed in any of the Applicant's submittals. 

The upper sand unit appears to be receiving recharge near the 

area between Kll and KlO. There that unit is near land surface 

and may even be intersected by the contact between the oxidized-

unoxidized zone •.. This then, could provide additional short 

• circuits to introduce contaminates to the upper sand unit. The flow 

in the upper sand unit is in three separate outwash lobes: one to 

the west northwest (by piezometer K2}; the second to the northeast 

(near well GM4, and boring TH40}, and the third to the north 

northeast (near piezometer K4). The flows are generally towards 

areas of higher topographic elevation then that of the recharge 

area. What then is the fate of ground water contained in the upper 

sand unit? Does it eventually daylight as spring or surface water 

discharge on the other side of the ridge? Or does it leak 

downward to recharge the bedrock aquifers? 

There is also a question about the steepening of water-level 

contours for ground water contained in the oxidized-unoxidized 

contact zone near the central stream. Is the ground-water discharging 

• from that zone into alluvium beneath the drainage? There·: is no 

information on this possible subdisc?arge nor the fate of ground water 

in the oxidi~-unoxidized contact zone. 

;::: 
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In summary, it is Ertec • s impression that, from a hydrogeologic 

viewpoint, there is a potential for contamination of the upper sand 

unit and to a lesser extent, the deeper bedrock aquifers. It has 

not been adequately demonstrated that there is a low potential for 

contamination of useable water supplies or the surface water 

environment from the hazardous waste disposal facility. 

This document "Response to Applicant's Comments, Dated 

October 12, 1983 -- Bob's Home Service" was prepared by the Earth 

Technology' Corporation by Dean o. Gregg, Senior Hydrogeologist 

(Professional Engineer, State of Georgia No. 5357 and Professional 

Geologist, State of Georgia No. 234) . 

13 

For The Earth Technology Corporatioq 
by Dean 0. Gregg, P.E, P.G. 

Date: February 12, 1984 
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Route 1. lox 1161 
Wright CJty, Mo. 63390 

Phone 314-745-3371 
St. l.cMHs 314-9~782 

Mr. Michael J. Sanderson 
Chief, RCRA Branch 
Waste Management Division 
U. S. E.P.A. Region VII 
726 Minnesota Avenue 
Kansas City, Kansas 66101 

Dear Mr. Sanderson: 

RECEIVED 

AUG 191985 

pRMI S£CTION 
INDUSTRIAL WASTE DISPOSAL FACIUTY 

August 8, 1985 

As per your request B.H.S., Inc. has prepared a 

• report on "Potential for Public Exposure to Hazardous Waste" 

for this facility. 

• 

If you have any questions, please give me a call. 

MDG/ph 

cc Copy of Report to MDNR 

Mi hael D. Gill 
Vice President 
Operations 
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1.0 INTRODUCTION 

1.1 Legislative Requirement 

1.2 

Section 3019 of the 1984 Hazardous and Solid Waste Amendments to 
the Resource Conservation and Recovery Act (RCRA) mandated that 
all facilities submitting Part "B" of a RCRA Application must 
also provide information on the potential for public exposure to 
hazardous waste arising from the subsequent permitting of the 
facility. 

On July 3, 1985 the Environmental Protection Agency (EPA) 
finalized the "Permit Applicants • Guidance Manual for Exposure 
Information Requirements under RCRA Section 3019". Utilizing 
this document B.H.S., Inc. provides the following information as 
required under Section 3019. 

History of Facility 

To fully explain potential exposures at B.H. S., Inc. a brief 
history of the Wright City Facility and controlling State and 
Federal regulations must be presented. 

In 1971 Mr. James Zykan Sr. opened a sanitary landfill located 
approximately in the center of a 158 Acre farm. . The farm is 
situated three miles southwest of Wright City, Missouri. The 
sanitary landfill comprising 7+ acres was operated under a county 
permit and a Missouri Division of Health permit until permit 
number 121901 was issued by the newly organized Missouri 
Department of Natural Resources (MDNR> in 1976. In 1977 the 
sanitary landfill was closed. The 158 acre farm was permitted as 
a "Special Industrial Facility• (Permit 1721901) with 12 acres 
due North of the old sanitary landfill designated for 
landfilling. In September 1980 B.H.S., Ino~ timely submitted 
Part "A" of a RCRA Application (MOD068521228). In December 1982 
the State of Missouri issued a Treatment, Storage and Disposal 
permit (TS0122282-001) to B.H.S., Inc. to cover the remaining 
life of the original 12 acre landfill area. In August of 1983 
B.H.S., Inc. submitted Part "B" of a RCRA application with a 
subsequent revision submitted in April 1984. At present, B.H.S., 
Inc. is still waiting comments from the EPA covering the 1984 
submittal • 
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1.3 Permit Conditions 

The 1977 and 1982 permits from MDNR had special conditions 
attached which directly impacted the operations at B.H.S., Inc. 
Each individual waste stream from individual generators had to be 
separately permitted through MDNR prior to disposal at B.H. S., 
Inc. This provided a good check and balance system that in the 
long run has been beneficial to B.H.S., Inc. Through this 
control B.H.S., Inc. has not been allowed to dispose of bulk 
liquids, high concentrations of organic sol vents, large volumes 
of ignitable or reactive wastes nor highly volatile wastes. This 
restriction was promulgated as a regulation in Missouri 1 s 1980 
Hazardous Waste Regulations. B.H.S., Inc. has operated under 
these restrictions since 1977. The following may not be disposed 
of at B.H.S., inc: 

A. Ignitable or reactive waste7 

B. 

c. 

D. 

Volatile wasteJ 

Liquid wastes, nor 

Sludges that contain liquids which drain freely fromn the 
sludge by gravity, are free flowing sludges, or contain more 
than five percent (5%) Organic liquid by weight. 

The EPA has been mandated to place further restrictions on the 
· · landfilling of hazardous waste. It is expected that t.hese 

regulations should be in place by 1990. 

The 1977 permit required monitoring of the 12 acre landfill area. 
This consisted of 16 shallow (approximately 40 foot deep) wells, 
three deep wells and one creek monitoring lacation. These 
locations were monitored quarterly until Janua·ry 1984 when they 
were replaced by one upqradient and four down gradient deep 
<approximately 100 feet> wells, two interceptor trenches <35 feet 
deep) and two upgradient and three down gradient creek monitoring 
locations. 

1.4 Legislative Restrictions 

• 

• 

Missouri 1 s 1980 regulations required the usage of a 200 foot 
buffer zone which was expanded to 300 feet in October 1980 ·by 
legislation. MDNR inspected the facility on a monthly basis 
until 1981 when legislation required the interval to be decrease. 
to weekly. 

\ 

• I 
• I 
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1.5 Wastes Handled 

B.H.S., Inc. disposes of non-hazardous State controlled hazardous 
and Federally controlled hazardous industrial wastes. These 
wastes can be categorized as follows: 

A. Waste Water Treatment Sludges (less than 1% hazardous 
constituent) 

B. Paint Waste 

(a) Trash contaminated with paint 
(b) Paint sludges <<5% hazardous constituent) 

c. Pesticide Wastes <<10% hazardous constituent) 

(a) 
. (b) 

(c) 
(d) 

Waste water treatment sludges 
Product production biproducts 
Dust collector dusts 
Trash contaminated with pesticides 

D. Clean-ups <<S% hazardous constituent) 

(a) Soil 
(b) Equipment 
(c) Lagoons 

E. Non hazardous waste 

The category listed as clean-up comprises most of the waste 
disposed of, on a volume basis, at B.H.S., Inc. This category is 
comprised of one time only large volume ( 500-5000 cu. yds. > 
permits. It is estimated that this category comprises from 33 to 
50 per cent of the waste. handled at B.H.S., In·c. 

The remaining four categories evenly comprise the unallocated 
monthly to yearly waste capacity disposed of at this facility. 

Ninety percent of the waste is disposed of in bulk form. 
Containerization of the waste (ie. drums, bulk bags) is strictly 
viewed by B.H.S., Inc. as a materials handling and transportation 
requirement. After the waste is placed in the landfill the 
natural and synthetic liner system must provide the needed 
protection • 
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2.0 Pathway Information 

2.1 General Information 

Appendices A, C, o, E provide copies of all health pr~files, risk 
assessments and protential pathway assessments prepared for the 
B.H.S., Inc. facility. All reports conclude that B.H.S., Inc. 
poses a low risk to human health and the environment. There have 
been no insurance claims or settlements for transportation or 
site liability. 

The cover insert contains a map labeled as Warren County Master 
Plan map. The land use area within three miles of the facility 
has been transposed onto figure 1. 

• 

An aerial photo of the facility is provided in the cover insert. 

Appendix P of the Operations Manual submitted April, 1984 
comprising a section of the Part "B" application gives specific~ 
information on federally regulated hazardous waste disposed of at~ 
this facility. Appendix F of this report provides a chemical - ; • 
analysis of leachate generated since 1980 at this facility. ~ 

Appendix G gives information on the 10 largest generators 
utilizing the B.H.S., Inc. facility. 

In 1981 there were 4,080 cu. yds. of federally regulated 
hazardous waste disposed of at this facility. In 1982 this 
volume expanded to 11,136 cu. yds. In 1983 the economy was in 
the throes of a recession and the federally regulated volume fell 
to 6,033 cu. yds. In 1984 a large volume of clean-ups raised the 
regulated total to 23,309 cu. yards. B.H.S., Inc. utilized no 
pretreatment other than chemical stabilization-· of small amounts 
of free liquids found in d·rummed material. 

The E. P. A. inspected the facility in early 1981, late 1982 and 
late 1984. MDNR inspects the facility on a weekly basis. 
Inspection reports are kept by B.H.S., Inc. and MDNR. Division 
of Health has just completed an inspection and report on this 
facility. At this time copies of the report were not available. 

2.2 Management Practices 

In July of 1980 B.H. s., Inc. started the practice of providin. 
yearly physicals for all of its employees. Results of each 
employee past and _present physicals are maintained in the company 
files. To date there has been no accident or illness. 
attributable to t·he handling of hazardous waste. 

Although no hazardous waste related cases have been noted at 
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claims filed. One of the drivers while descending from the cab 
of his truck twisted a knee which required surgery. Another 
driver while ascending his vehicle slipped and sprained his back. 
A site operator while helping the mechanic replace a truck leaf 
spring sprained his back when the jack slipped. 

The absence of hazardous 
attributed to the awareness 
instilled into the workers 
retraining program. 

2.3 Ground Water 

waste 
and 

by 

related incidents can 
respect for waste that 
an effective training 

be 
is 

and 

Existing ground water withdrawal wells located within a 
three-mile radius of the facility are plotted on Figure 1. A 
total of 80 wells have been identified. Also shown on Figure 1 
are the locations of Wells 8, 16, 26, 27, 28, 31, 42 and 46, the 
licensed drinking water wells that have been identified • 

The primary aquifers utilized in the region· are comprised of the 
limestones, dolomites and sandstones of the Ordovician System. 
Units which are know to yield potable water include the Plattin, 
Joachim, St. Peter, Roubidoux and Gasconade . Formations. These 
units are typically located from 300 to 1000 feet below ground 
surface. 

Limited information is available concerning the depths and usage 
of water supply wells within three miles of the facility. Two of 
the closest wells (located within 1/4 mile of the site) are 
repor~ed to be approximately 380 and 400 feet deep and cased in 
approximately the upper 200 and 220 feet, respectively. It is 
anticipated that other water supply wells would be installed 
using a similar design, which is typical of wells that utilize 
the bedrock aquifers in ;he area. 

Based on available information, it appears unlikely that any 
wells utilize the perched water zone as a water supply source. 

Typical usages of ground water from bedrock aquifers are for 
domestic purposes (including individual residence drinking water 
supply), livestock watering, and irrigation. It is anticipated 
that ground water from bedrock aquifers may be used for crop 
irrigation. The extent of usage is not known at this time. 
There are no known commercial food preparation industries or 
high-volume pumping wells located within the three-mile radius. 

Regional studies of ground water discharge and recharge areas are 
not available. · Based on review of available site ground water 
monitori-ng data·, ·Woodward-Clyde (WCC) presented an evalauation ot' 
the local ground water systems (Appendix B). Included in.the WCC 
report were assessments of ground water recharge and discharge 
•• 1...:. -'- --- - .. ·----.: --~ J....-1-·-· 
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The bedrock aquifer is recharged in an area south of the site 
possibly from the channel of an intermittent stream that flows 
from northeast to southwest. Local vertical recharge is 
apparently limited by a low permeability layer of glacial 
deposits that overlie bedrock. 

The perched groundwater table (above the low-permeability 
deposits) is probably recharged by infiltration from the surface 
(during precipitation> and from the farm ponds located west of 
the landfill. This ground water discharges to the stream at 
seeps on the valley sides. 

The net precipitation value for the area is approximately 7. 3 
inches. This value was derived by subtracting the average annual 
evapotranspiration <about 30 inches) from the mean annual 
rainfall amount <about 37.3 inches). The references used to 
obtain these data are: 1) "Soil Survey of Montgomery and Warren 
Counties," USDA Soil Conservation Service, 1978' and 2) "Wate~ 
Atlas of the United States," Water Information Center, Inc. 
1973. . 

The 7. 3-inch net precipitation value has not . been adjusted to 
account for the ne~ runoff, which must be subtracted to yield the 
net infiltration <percolation) which can be expected. Appendix L 
to the "Engineering Design Manual", Part "B" Permit contained in 

. the August 3, 1983 application submittal an evaluation of the 
water balance at the site. According to this evaluation there is 
no net percolation of surface water into the subsurface (e. g., 
the net percolation value is 0.0). 

2.4 Surface Water 

The locations of surface water bodies within a. ·three-mile radius 
of the facility are shown on Figure 1. There are no known 
drinking water, industrial or commercial intakes within the 
specified area. The primary use of surface water in the area is 
expected to be for livestock watering. A recreational lake, 
located about one-half mile southwest of the site, receives 
surface water discharge from the intermittent stream that drains 
the southern part of the site. No other surface water bodies are 
known to receive surface runoff from the site. 

The intermittent stream previously described is the only strea. 
on, or within 1000 feet of the site which contains appreciabl 
flow. However, the flow is not readily measurable except during 
periods of high surface runoff <ie., storms). No flow velocity 
measurements are available. 

Three surface impoundments . are used to manage surface water 
runoff at the site. The water is not discharged to the stream, 
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analyses of the water indicate that any contaminants present are 
below NPDWR Standards. 

The intermitte~t stream does receive occasional discharge pumped 
from the shallow ground water interceptor trenches if the ground 
water is shown to contain no contaminants at levels in excess of 
NPDWR. 

Water quality sampling is performed at locations upstream and 
downstream of the facility. Available data indicate that surface 
water quality has not been adversely affected by the facility. 
Available analytical data for samples obtained from the stream in 
1984 are summarized in Appendix B. 

2.5 Air 

The principal wind direction in summer is 
South-Southwest and in winter is from the Northwest • 

from the 

Missouri hazardous waste regulations prohibit the disposal of 
wastes with a true vapor pressure greater than 75 MM of pressure 
at 25 degrees Centigrade. All waste streams must first be 
permitted through MDNR and wastes are inspected for atypical 
odors. In conjunction with these restrictions wastes posing an 
air-borne hazard are required to be containerized. B.B.S., Inc. 
is also required to cover all waste which might constitute an air 
borne hazard with a minimum of one foot of cover om a daily 
basis. B.a.s., Inc. has no air monitoring system around the 
unit. 

B.B.S., Inc. has experienced odor complaints in the past. On one 
occasion soil contaminated with less then 5' orthochlorphenol 
(Sturgeon Missouri Spill 1981> was disposed of at this facility. 
Due to the extremely low odor threshold .for that chemical, 
complaints were received while the· waste was handled. Once the 
cleanup was completed, this problem was alleviated. 

Another instance for an odor complaint is when freshly pumped 
leachate is pumped to the surface impoundment. Fresh leachate. is 
in an anaerobic state which lends to the generation of a septic 
odor. During the time period it takes for the aeration system to 
convert the leachate to an aerobic state an odor may be present. 
The extent of the odor is normally limited to the immediate area 
surrounding the lagoon. Inspection by MDNR immediate to or the 
day after an odor complaint has never resulted in a violation of 
Missouri's air regulations. 

Wright City. lies three_ miles to the Northeast of the facility·
Its' population totals appr(,ximately 1900 people. Due to the 
remaining area being rural or weekend only residents, the 
estimated permanent population within four miles of the facility 
's .............. ~ ................ .8 ..... A 
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2.6 Soil 

In 1980 soil samples were taken from three locations across the 
facility. One sample was taken from the field on the West Side 
of the 158 acres farm. A second sample came from the middle of 
the old sanitary landfill. The third sample was taken from the 
field bordering on the East property line. A test for Arsenic 
was performed on all three samples. 

Ug As/g 

East field 13.8 
Old landfill 28.7 
West field 

South of Barn 37.5 

• 

All samples indicated arsenic present at the same level of 
magnitude. Publications indicate that arsenic is a naturally A 
occuring element in the earths crust at this level of magnitude. ~ 

Any other tests that have been performed are directly related to ': ! 
the hydrogeological soil testing. Results of these tests are 
found in the Engineering Section of the Part nan application. 

2.7 Transportation 

There are three directions from which waste can be transported to 
B.H.S., Inc. Waste coming from West of the facility would travel 
on Interstate 70 to the Wright City Exit then proceed west on the 
South Outer road for approximately 500 feet to county road H. H 
is then taken South for apporoximately three miles to county road 
M. M is then taken East for approximately th~ee quarters of a 
mile to Muenz Road. Muen& Road is followed SOuth for 3/4 of a 
mile to the facility gate. 

Waste coming from the East would take Interstate 70 to the Wright 
City exit. Then West on the North outer road to the West 
overpass. Once the truck crosses over I70 to the South Outer 
road it proceeds along the aforementioned route. 

Waste coming from the Southwest would exit off of Interstate 44 
at the Missouri Highway 47 north exit. Highway 47 would be 
followed north until county road 0 was encountered. The trucJcA 
would proceed north on 0 until it junctions with· county road M.W 
M would be followed North then West to Muenz Road. The driver 
would then turn South on Muenz. to the facility. 

Trucks that enter the facility stop at the office and present 
their manifest. Once the manifest is approved the truck proceeds 
to the laboratory where the waste is inspected. Containerized 
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waste would be stored in the storage warehouse for future 
disposal. Bulk waste would be taken to the trench area for 
off loading. 

Once the truck is offloaded the truck would proceed to the truck 
wash area for cleaning if the need arises. 

In addition to the routine training for all employees the B.H.S., 
Inc. drivers are trained for emergency in route spill response 
procedures, see Appendix E. 

In addition to the manifest B.H.S., Inc. drivers carry waste 
specific information including copies of MDNR applications, waste 
analysis and safety data sheets. Drivers are responsible for 
inspection of roll-off boxes and dump trailers both at the time 
they are delivered to the generator and when the boxes are picked 
up. This guarantees that damages which might result in over the 
road waste loss are removed • 

B.H.S., Inc. staffs on-site mechanics for routine maintenance and 
repairs. 

B.H.S., Inc. drivers are also required to- inspect generator 
supplied containers for road worthy condition~ 

Another driver function is to inspect the waste at the generators 
facility to catch obvious discrepancies (ie. free liquids, 
solvents or other non conforming characteristics). B.H.S. 7 Inc. 
drivers have the authority to deny acceptance of a generators 
waste if in their opinion the waste does not meet the basic 
description as permitted. 

Part of the B.H.S., Inc. ori-site spill response includes the 
emergency clean-up of materials deposited on -the off site access 
roads. The B.H.S., Inc·. daily inspection routine is for spills 
on the site access roads, staging and storage areas. Employees 
are required to notify the office upon observing any spill 
materials outside of the active trench berm area. 

Subsurface Gas 

Although prior to 1977 B.H.S., Inc. did operate a sani.tary 
landfill on part of the 158 acre facility, that area has remained 
separate from the hazardous waste operations. At no time after 
the 1977 issuance of the Special Industrial Waste Permit has 
sanitary waste been disposed of on site. The material disposed 
of on site which would closest resemble sanitary waste would be 
the Times Beach Flooq debris. This material had a higher. 
concentration of-furniture ~nd solid material than normal trash. 
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The amount of organic residue contained in a waste varies but 
does seem to have general characteristics for specific types of 
waste. 

Water . Organic Solids Inorganic Solids 

WWTS 50-75% 5-20% 5-45% 

Paint 
sludge 25-35% 25-35% 30-50% 

Pesticide 
sludge 50-25% 10-35% 40-85% 

Paint/ 
Pesticide 
Trash 0-20% 10-50% 50-90% 

Contaminated 
Dirt 5-20% 5-10% 70-90% 

From this estimate the total amount of organic material present 
for subsequent decomposition into methane gas is low compared to 
what is found in sanitary waste. 

It should also be noted that the leachate collection system that 
surrounds the waste will act as a venting system which would 
relieve pressure buildup. 

2.9 Known Release Information 

There have been no known releases from the B.H.S., inc. facility 
other than that describe in the report submitted under the 
Continuing Release provision of Section 3004 (u). In. that report 
the leachate outbreak eminating from the. old sanit:ary landfill 
was described along with the corrective action employed. 

• 

• 

In Nov. 1982 during the clean-up of a coal-tar pit in Alton 
Illinois an outside transporter experienced trouble with his 
tailgate latch. Solid chunks of coal tar sludge were dropped on 
the transportation route from approximately the Missouri river 
bridge in St. Charles to the office of B.H.S.,inc. The spillage 
was noticed shortly after the drivers arrival by B.H.S., inc. 
personnel. The party in charge of the clean-up was notified 
along with the transporters dispatcher. Those two organizations • 
dispatched a clean-up crew who removed waste from the bridge to 
the Interstate 70 exit at Foristell. MDNR was notified of the 
nature of the spill and the extent. An emergency response crew 
comprised of S.H. S!', . ,inc pe-rsonrtel was dispatched from this 
office and worked its way back along the route until it met the 
other crew at the Foristell exit.· The spillage was first noticed 

- - • ..__..!IJ -..&... ,"'~"" ---- ~ .... - ---- .:~ ••• 
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MDNR inspected the spill route the following day to confirm that 
the spill was cleaned properly • 
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3.0 Exposure Potential of the Unit 

3.1 Potential for Human Exposure Via the Ground Water Pathway 

The primary potential pathway for human exposure to potentially 
contaminated ground water would be through domestic or 
agricultural use. As discussed previously, it is expected that 
any such usage would involve the deep bedrock aquifers. It is 
anticipated that the section of glaciofluvial deposits which 
overlie bedrock will effectively inhibit vertical migration of 
contaminants to the bedrock aquifers. 

The landfill design incorporates a leachate collection system 
consisting of a blanket drain, collection trench and sump which 
is expected to intercept potentially contaminated leachate that 
may be generated. Details of the design are described in Chapter 
4 of the "Engineering Design Manual," presented in the Part •a• 
Permit Application. 

Monitoring of groundwater quality in interceptor ·trenches and 
monitoring wells has shown that no releases of contaminants to 
the ground water have occurred to date. 

Based on this information, the potential for the facility to 
contribute to human exposure of food chain contamination through 
the ground water and the likely magnitude of such affects are 
expected to be low. 

3.2 Potential For Human Exposure To Surface Water 

Surface water runoff at the site is managed by the use of 
diversion structures and collection impoundments. The details of 
the runoff management system are described in Chapter 4 of the 
"Engineering Design Manual" presented in the Part •a• Permit 
Application and summarized below. 

• 

• , 

Surface water which falls outside the landfill trench is diverted 
around the excavation. Precipitation falling within the landfill 
trench is handled either as leachate, as potentially contaminated 
runoff, or as uncontaminated runoff. Details of leachate 
treatment are described in Chapter 3 of the "Engineering Design 
Manual." Potentially contaminated runoff is segregated by 
placement of temporary berms, then pumped into Sil, and sampled 
and analyzed. If determined to be non-hazardous, the water is 
pumped to impoundment SI 3. If hazardous constituents are • 

· present, the water is treated as described in Chapter 3 of the 
"Engineering Design Manual. • Uncontaminated runoff is pumped 
directly to SI3. No . runoff is discharged directly to the 
inte~mittent stream. 

The surface water management system is designated to control the 
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The presence of the recreational lake (Lake Lucern > downstream 
from the site presents a possible exposure pathway should 
contaminated runoff discharge to the intermittent stream which 
passes through the site and subsequently enters the lake. 
However 1 the potential for human exposure or food-chain 
contamination are expected to be low because of the existence of 
the surface water management system. Monitoring of the surface 
water in the stream has indicated that to-date no deterioration 
of surface water quality has occurred downstream of the facility. 

3.3 Potential For Human Exposure From Subsurface Gas Releases. 

3.4 

As described previously B.H.S. 1 inc does not co-dispose of 
sanitary trash with the hazardous waste. This plus the fact that 
the nature of the material disposed of lends itself to a low 
concentration of organic matter the potential to produce 
significant quantities of subsurface gases is minimal • 

If gases should accumulate the leachate collection system which 
surrounds the cell would act as a conduit for gaseous escape 
before significant pressures of gas could develop. 

The double synthetic membrane ·tied into the final cap would 
preclude subs·urface gases from migrating along underground 
passageways (e.g. water and sewer lines>. 

The number of households wi thing a quarter of a mile of the 
facility is less than ten with the majority of those on the 
outskirts of the quarter mile limit. Missouri law requires a 300 
foot · buffer zone to surround the-· disposal portion of the 
facility. This would allow dispersion of any subsurface gases 
that would be emitted from the leachate collection system. 

Because of the aforementioned factors I would estimate the 
potential for human exposure from subsurface gas releases to be 
low. 

Potential For Human Exposure Via The Air Pathway 

The total number of households within a half-mile of the disposal 
facility is less than twenty with the majority of these lying to 
the North of the facility. The principle wind direction in the 
summer is from the South Southwest toward the North northwest • 
In the Winter the principle wind direction is from the Northwest 
toward the Southwest. Therefore the wind direction is normally 
not in a direct path to the limited permanently occupied 
dwellings. 

B. H. S. 1 inc is located near the top of a ridge separating two 
water sheds. The presence of an extended lowlying area 
affording a conduit for gas migration is limited. This area is 
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not known for extended periods of air inversions but lends itself 
to rapid dispersion. This can be exemplified by only a limited 
number of odor complaints with no subsequent violation of the 
Clean Air Laws. 

Missouri law and regulations restrict the nature of the waste 
that can be accepted for landfilling. Those waste with a high 
potential for rapid air hazards (e.g. volatile or ignitable 
organic liquids or reactive wastes> are not allowed to be 
landfilled. Each waste stream must be individually permitted 
through MDNR. Special permit conditions require that wastes 
associated with airborne hazards (e.g. asbestos) must be covered 
the same day as disposal. Any wastes which exhibit an airborne 
hazard must be containerized in D.O.T. approved packaging. 

The visual and chemical inspection performed prior to a wastes 
acceptance will limit the potential for acceptance of 
nonconforming wastes. The training and safety data sheets will 
allow for the proper handling of this particular type of waste by 
site personnel. Incompatible wastes are identified along with 
segregation techniques to be employed. 

As described above the possibility of subsurface gas buildup is 
extremely remote. 

Testing of raw leachate indicates that there is only trace levels 
of organics present in the leachate. The location of the 
leachate holding lagoon is approximately 800 feet from the 
facility boundary. This is the only material that is bulk 
evaporated at this facility. 

The potential for human exposure due to an air pathway is low. 

3.5 Potential for Human Exposure From Release by Transport~tion 

B.H.S., inc maintains its transportation equipment on site. 
Drivers are trained and responsible for inspecting their 
equipment to guarantee roadworthyness. The drivers duty at the 
generators is to perform the initial inspection of the waste and 
to examine the containers for potential leaks. 

Drivers are fully knowledgable of emergency spill proceedures and 
have immediate access to emergency response numbers and carry 

• 

• ~ 

waste identification literature in excess of that required by • 
RCRA. 

By thoroughly training its drivers and endeavoring to instill a 
sense of responsibilty. into its personnel, B.H.S., inc. has 
achieved a fine road· reco_rd to date. -• 

The routes of tr~n~~rtation into· the facility are designed to 
---------.&...-.!11 ____ ..... _ ft d C!! 
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inc. makes it a practice to limit the transportation of waste to 
this facility during extreme weather conditions. It is common 
practice to call generators and reschedule pickup dates due to 
inclement weather. B.H.S., inc maintains Muenz road by removing 
snow in the winter and provided the funds for its paving. 

Again the low degree of toxicity of the waste landfilled at this 
facility and the required packaging lowers the potential for 
human exposure. 

As described in the Potential Release information in chapter 2 
B.H.S., inc. has a reliable emergency spill response program that 
is utilized even if B.H.S., inc. vehicles are not involved. 

There is also decontamination equipment and a truck wash facility 
onsite for the cleaning of trucks which may have waste on the 
vehicle. 

The potential for human exposure due to transportation into and 
out of the facility is low. 

Potential for Human Exposure From Releases to Soil 

The potential for soil contamination due to air, surface water 
and transportation have been described above. 

B.H.S., inc. limits the exposure of its earth moving equipment to 
contact with waste. Those units which operate in the ~ctive 
trench area are thoroughly cleaned by site personnel prior to 
their leaving the active area. 

Site personnel are trained to be conscientious of their hygienic 
exposure to the waste. 

This facility has good · site security elimfnating the unknown 
entry of offsi te personnel or livestock. Public access is not 
only limited by a chain link fence surrounding the disposal area 
but a gate, which is controlled at the office, prohibits unknown 
road traffic from entering the property. 

Food crops are grown on and adjacent to the property but again 
with an extremely limfted air pathway contamination potential the 
possibility of food chain contamination is low • 

The overall potential for soil migration of conta.minants offsite 
is low. 

Potential for Human Exposure From Worker-Management Practices 

The health data described in· Chapter 2 covering worker physicals 
and Workman Compensation claims exemplifies the concerted effort 

'--&.. ft 1r:~ it" ,! __ '--- __ .!1_ .L..- .!_.!I __ .L_~~-- •••• 
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its employees. By means of an initial and ongoing training 
programs employees are conscious of the need for proper handling 
of the hazardous waste disposed of onsite. 

The initial training program begins with a review of the possible 
modes of entry of contaminants into the human body. Then safety 
measures and equipment are identified to control the entry modes. 

A four part safety film is shown to the employee with tests 
administered at the end of each presentation. 

A monthly safety newsletter is utilized for ongoing training of 
personnel as well as the usage of individual safety data sheets 
for each waste indicating proper safety equipment and procedures 

Emergency response and contingency plans have been developed. 
All employees are given their own operations manual prior to 
working with hazardous waste. This manual has all the saf~ty 
information previously described to the employee as well as thier 
duties in case of an emergency. 

As evidence by the good safety track record at this facility the 
potential for worker-management exposure is low. The motto here 
is "If a worker has a question he is to keeping asking until that 
question has been fully answered". 

• 

4p 
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March 27, 1985 FEDERAL EXPRESS 
WCC Project W4C7729-l 

Mr. Mike Gill, Vice President of Operations 
BHS, Inc. 
Route 1, Box 116-F 
Wright City, Missouri 63390 

ENVIRONMENTAL ASSESSMENT REPORT 
BHS, INC., WRIGHT CITY, MISSOURI 

Dear Mike: 

Enclosed is the Environmental Assessment Report for the BHS, Inc. landfill 
near Wright City, Missouri. 

If you have any questions or comments, please contact us. 

Very truly yours, 

_;;:;;-.n \1• t:~ \ '' ... (- . ..--- ; . 

Thierry R. Sanglerat 
Assistant Project Engineer 

Michael M. Katzman 
Senior Project Geologist 
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EXECUTIVE SUMMARY 

ENVIRONMENTAL ASSESSMENT REPORT 
BHS, INCORPORATED 

WRIGHT CITY, MISSOURI 

,-

This report presents a preliminary assessment of the potential for environ
mental impairment associated with the continued operation of the BHS, Inc. 
industrial waste management facility near Wright City, Missouri. This 
environmental impainnent assessment is based upon a review of documents 
provided by BHS, Inc. and data contained in our files. The facility has 
been operated by BHS, Inc. since 1971. Prior to 1977 and for an indetenni
nate period of time, a portion of the property was operated as a sanitary 
landfill. This sanitary landfill has been closed and provided with a 
cover. Adjacent to the closed landfill, BHS is currently accepting and 
landfilling hazardous and non-hazardous solid wastes from a broad group of 
generators that includes industries, hospitals, and public agencies. 

Five areas relating to the potential for gradual environmental impairment 
have been identified and are described below: 

1. Wastes Received and Disposed at the Site. The wastes pose an inherent 
potential for environmental impairment. The wastes are mainly solids 
having low contaminant levels and include soils, expended safety 
equipment, off-spec pesticides, paint sludges, sludges from industrial 
wastewater processes, and wastes with maxi~m organic 1 i·quid content 
of 5 percent by weight. The hazardous contaminant levels in the 
disposed wastes are such that the potential impairment associated with 
these wastes is classified as moderate. 

2. Environmental Pathways. Humans, animals, and vegetation are exposed 
to chemical substances via environmental pathways that include air, 
soil, ground water, and surface water. At the BHS site, the primary 
pathways appear to be ground water and surface water. The National 
Interim Primary_Drinking Water Regulations (NIPDWR) standards were not 

. . 

exceeded in any ground or surface water samples collected in 1984. 

• ~ 

• 
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The potential impairment ass~ciated with these pathways is classified 
as low. This classification assumes that if ground water contamina
tion is detected, the interceptor trenches can be operated in a manner 
which will limit the off-site migration of contaminants. The 
potential impact of flooding at the site has not been addressed in 
this assessment but has been addressed in the Part 8 application filed 
by BHS. 

3. Population at Risk. The term population at risk refers to potential 
receptors and includes humans, animals, and vegetation. The site is 
located in a rural area and surrounding land use is primarily 
agricultural. The closest town is Wright City, population 1200, 

approximately 3 miles to the northeast. This municipality is 
hydrogeologically down gradient and employs the deep aquifer as a 
source for drinking water supply. A recreational lake near the 
facility is partially fed by an intermittent stream that crosses the 
BHS property and constitutes a potential receptor. The potential 
impairment associated with population receptors is classified as low. 

4. Management Practices. It appears that the plant js operating in 
general conformance with the requirements established by regulatory 
agencies. BHS management has responded to comments and concerns from 
regulatory agencies in a timely fashion and management appears 
responsive to the need for environmental protection. Waste handling 
procedures have been for the most part conducted in an appropriate and 
responsible manner. PollutioQ related complaints concerning the 
landfilling operation appear to be limited only to four odor 
complaints in the past seven years. Based on these observations, the 
potential impairment associated with management of the facility has 
been classified as low. 

5. The potential impact of outside environmental factors on the site has 
• been classified as low. 

March 27, 1985 
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In the opinion of Woodward-Clyde Consultants, continued operation of this 
facility poses a low potential for gradual environmental impairment. The 
removal of the two farm ponds and the construction of the storage pond 
covers will further decrease the potential for environmental impairment. 
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Wooclward·Ciycle Consultants 

1.0 INTRODUCTION 

1.1 Authorization 

In accordance with Addendum 1 dated January 25, 1985 to the Agreement 
between BHS, Inc. (BHS) and Woodward-Clyde Consultants (WCC), WCC has 
prepared the following assessment of the potential for gradual {non-sudden) 
and/or abrupt environmental impairment at the BHS facility near 
Wright City, Missouri. 

1.2 Purpose and Scope of Assessment 

This report was prepared for the purpose of assisting BHS, Inc. in 
completing the required documentation for their Environmental Impairment 
Liability {~IL) insurance. Such insurance would typically cover claims 
that arise from gradual environmental impairment resulting from the 
operation of the hazardous waste landfill. This environmental impairment 
report may also serve to address portions of the environmental requirements 
of the 1984 RCRA Amendments. 

This assessment is based upon a review of documents made available to us by 
the BHS management, interviews with Mr. Michael D. Gill, BHS Vice 
President, and a one-day site inspection. This assessment is, therefore, 
inherently general and. preliminary. The primary objectives of this report 
are to: (1) present the format and components of a typical environn~ntal 

impainnent assessment, (2) present ou.r best estimate of potential 
impairment for each factor addressed based upon the information made 
available to us·, {3) identify those factors and areas for which more 
information is required to improve the estimation of the potential 
impainnent, and (4) reconvnend means for acquiring the additional 
information • 

March 27, 1985 
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1.3 Approach 

1.3.1 Site Inspection 

A site inspection was made on March 5, 1985, by wee personnel Philip J. 
Knotts (hydrologist)·and Thierry-R. Sanglerat (geotechnical engineer). The 
wee inspection personnel met with BHS representatives, Mike Gill and 
Ben Moore, who described the general landfill operations and management 
activities, provided background information, and conducted a tour of the 
site facilities. 

1.3.2 Data Acquisition and Review 

The data provided by BHS management and reviewed as part of this assessment 
are listed in Table 1. Additional data were obtained from wee files and 
published literature. 

1.3.3 Assessed Potential Classification 

The approach to assessing the potential of environmental impairment in
volves consideration of a number of factors in each of the following five 
areas: 

o The inherent hazard potential of the wastes received, handled, 
processed, stored and disposed at the site; 

0 

0 

The potential environmental pathways through which humans, animals or 
vegetation could be exposed to chemical substances originating from 
the site; 

The nature of the biological populations that are at risk due to 
potential exposure to the chemical substances originating from the 
site; and 

March 27. 1985 
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0 The facility's management pra~tices and other activities and 
procedures that may affect the potential exposures. 

o The potential impact of outside environmental forces or factors acting 
upon the site. 

Each of these areas is evaluated separately on a potential classification 
scale ranging from least hazardous (very low risk) to most hazardous {very 
high risk). The qualitative scale of potential used in this report is·: 
very low =well below average; low = below average; moderate = average; 
high = above average; and very high = well above average. The 
classification is subjective and reflects the degree of perceived hazard. 
An overall classification for the facilities is then estimated by combining 
the separate classifications for the four major areas. The four areas, as 
they relate to the potential for gradual environmental impairment, are 
discussed in Sections 3, 4, 5 and 6 of this report; the overall facility 
classification is presented in Section 7. 

1.4 L imitations 

The preparation and use of this report are subject to the provisions of the 
Agreement between BHS and wee dated January 18, 1985.· The purpose of this 

- report is to assist BHS in completing the necessary documents for obtaining 
Environmental Impairment Liability insurance. The report also addresses 
some of the environmental assessment requirements of the 1984 RCRA 
Amendments. 

The objective of this report is to identify conditions that could lead to 
long-term environmental impairment. The objective is limited to those 
conditions that can be identified through visual site inspection and 
through review of data made available to wee. This report does not provide 
a complete evaluation of the environmental risk arising from operation of 
the subject facility, nor does it provide a guarantee of the facility's 
future performance or environmental risk. The verification of information 

March 27, 1985 
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provided by BHS employees and its consultants and of detailed investiga
tions, testing, and analytical evaluations are beyond the scope of this 
assessment. However, this report is intended in part to identify the need 
for additional studies. 

2.0 DESCRIPTION OF FACILITIES 

2.1 Landfill and Installations 

The BHS, Inc. industrial waste management facility is located· in Warren 
County, Missouri, approximately three miles southwest of Wright City, as 
shown in Figure 1. The BHS property covers approximately 158 acres. The 
.9~neral site son stratification consists of, in descending order, loess 
and modified loess, glacial drift, glaciofluvial silts and sands with some 
clay interlayering, glacial till, and a residual gravelly clay immediately 
overlying the rock/refusal surface (D. E. Klockow & Associates, April, 
1984). 

The waste handling operation consists of receiving, checking, and landfill 
disposal of hazardous and non-hazardous waste materials. The facility has 
been operated by BHS, Inc. since 1971. The present staff consists of about 
15 people. Prior to 1977, and for an unknown period of time, a portion of 
the property was operated as a sanitary landfill. This area and the past 
hazardous waste disposal area have been closed and provided with a cover. 

The facilities at the site are shown in Figure 2 and include: 
o Offices, laboratory, and septic tank 
o Parking area 
o Heavy equipment and equipment storage 
o Maintenance and garage area 
o Various storage warehouses 
o Covered truck-wash storage pads 
o Former covered sanitary landfill 
0 Past disposal area 

. 
0 Covered and un·covered surface impoundments I 
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o Borrow material area 
o Active disposal area 
o Interceptor trenches 
o leachate sumps 
o Monitoring wells and piezometers 

Four surface impoundments {SI-1, SI-2, SI-3 and SI-4) exist at the site 
{see Figure 2). The SI-1, SI-2 and SI-4 impoundments are lined and have 
leachate collection systems. The surface impoundments have been used to 
manage surface runoff and liquid hazardous wastes from leachate collection 
systems generated from site operations. 

Figure 2 shows the location of the past landfilling area and the currently 
operating landfill designated as Area 1. The cell in Area 1 has been 
designed so that a minimum of 30 feet of soil remain in place between the 
first aquifer and the bottom of the cell. Area 1 has been constructed with 
a leachate collection system that consists of a blanket drain,·collection 
trenches, and sumps. 

To the east and south of the landfill area are three interceptor trenches 
designated 1-1, 1-2 and 1-3 (see Figure 2). The trenches are designed to 
intercept ground-water flowing from Area 1 toward an intermittent stream 
located to the east and south of the landfill. Trench 1-1 consists:-of a 
compacted clay barrier with a sand drain on the up-gradient side. Trenches 
1-1 and 1-2 drain to a common collection location. Trenches 1-2 and I-3 
consist of sand drains without the clay barrier •. 

To the east of the landfill, at the surface water sampling locations shown 
in Figure 3, BHS has constructed subsurface compacted clay barriers across 
the alluvium of the intermittent stream. These barriers are intended to 
divert ground water within the alluvium to the surface to facilitate 
sampling during dry seasons • 

March 27, 1985 
wee Proiect W4e7729-1 Page 5 



I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

J 

I 
j 

Woodward-clyde Consultants 

According to BHS management, the accumulated quantity of waste landfilled 
between 1977 and 1984 is estimated to be approximately 150,000 cubic yards. 
The projected rate of disposal is estimated to vary between 30,000 to 
60,000 cubic yards per year. 

2.2 Permits 

Permits which are applicable to this landfill operation pertain to solid 
waste management activities and have been issued by the Missouri Division 
of Health and the Missouri Department of Natural Resources. 

2.2.1 Air Pollution Control Requirements 

BHS personnel indicated that no air monitoring is done on the site. It 
appears that the State of Missouri does not consider the facility a source 
of air pollution and, thus, does not require it to have a penmit. 

2.2.2 Water Pollution Control Requirements 

The BHS facility currently has no applicable National Pollution Discharge 
Elimination System (NPDES) permit. According to BHS, all recovered water 
is solidified or spray irrigated for evaporation. 

Occasionally the interceptor trenches are pumped directly into the 
intermittent stream that flows across the property adjacent to the 
landfill. Prior to pumping, laboratory analyses are performed on water 
samples obtained from the interceptor trenches; only if contaminant levels 
are found to be below NIPDWR standards, will pumping take pla~e. 

2.2.3 Solid Waste Management Requirements 

BHS.obtained approval to operate a 120-acre "Refuse Disposal Area" from the 
Missouri Division of Health (MDOH) on November 16, 1971. The MDOH approved 
site includes the area occupied by the current operating facilities. A 
variety of waste materials were Jandftlled under MDOH regulations and on 
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November 1, 1974, approval to operate was also obtained from the Missouri 
Department of Natural Resources (MDt~R). A permitting program was 
subsequently developed by MDNR and on August 1, 1976, Solid Waste Disposal 
Area Operating Permit No. 121901 was issued by the MDNR. Special Solid 
Waste Disposal Area Operating Permit No. 721901 was issued on May 25, 1977 
and allowed BHS to landfill special industrial waste materials in the 
current operating area. This area is now referred to as Area 1, as shown 
on Figure 2. 

Subsequent to enactment of the Missouri Hazardous Waste Management Statute, 
implementing rules and regulations were developed by MDNR. BHS currently 
holds MDNR Hazardous Waste Facility Permit No. TSD 122282 001 for its 
present operation. 

BHS submitted Notification of Hazardous Waste Activity to the United States 
Environmental Protection Agency (EPA) on July 30, 1980. Part A of the 
federal permit application was submitted to EPA on September 19, 1980. 
Interim status was achieved and the facility is currently operated under 
the applicable requirements of 40 CFR Part 265. In April of 1984 BHS filed 
the proper notification and Part B permit application to conform to USEPA 
requirements. Review of the RCRA Part B application is in progress. BHS 
also submitted an application for above-ground waste disposal. 

Performance of a RCRA audit on this facility was not within the scope of 
this study and a compliance audit of the administrative and technical ReRA 
requirements has not been made. 

2.3 Operations and Procedures 

Before any hazardous waste from a generator can be accepted at BHS (other 
than permitted emergencies, exempt persons, or multiple collections of less 
than 220 pounds), the generator must supply all the information which must 
be known to treat, store or dispose of the waste in accordance with the 

March 27, 1985 
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current regulations. However, the following types of wastes are not 

accepted by BHS: 

0 

0 

0 

Ignitable waste as defined in 10 CSR 25-4.010(2) RSMo and 

40 CFR 261.21(a) 

Reactive waste as defined in 10 CSR 25-4.010(4) RSMo and 40 CFR 
261.23(a) unless cyanide and sulfide concentrations are less than 

500 ppm 

Volatile waste having a true vapor pressure greater than 78 mm Hg at 

25° Centigrade 

0 Bulk liquids 

0 
Free-flowing sludges or free liquids which will drain from the sludge 
by gravity. No sludge may be landfilled which contains more than 
5 percent by weight organic liquids. Exception to this rule is 

allowabl~ only with prior approval by MDNR. 

Once the waste infonnation has been received, BHS completes a "Missour_i 
Department of Natural Resources Hazardous Waste Disposal Request" form for 
each waste material to be landfilled. This form is then submitted to MDNR 

for disposal approval prior to accepting the wastes. 

Upon arrival at the site, BHS inspects all waste materials and analyzes 
selected samples prior to disposal. The following analyses are performed 

on the randomly collected samples: 

o pH 
o Specific gravity 
o Percent volatiles at 100° Centigrade 

0 
Percent volatiles at 600° Centigrade 

• 

• • 
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Containers are opened for inspection, free liquids are mixed with solid 
waste or cement kiln dust and void spaces greater than 10 percent of drum 
capacity are filled with sand or soil or the drum is crushed. 

Once the waste is found to be acceptable, it is then unloaded in the active 
zones of the landfill. The drum disposal areas are segregated from the 
bulk waste disposal trenches. 

A soil cover is placed over the waste on a weekly basis. If there is an 
odor problem or a wind dispersal problem associated with the waste, the 
waste is then covered with sufficient soil to control the problem. When 
the trench has been filled to within 2 feet of the original ground level 
with waste, the trench is closed and provided with intermediate cover. 
Leachate and contaminated water that accumulate in the active area of the 
trench are segregated and pumped to surface impoundment SI-2. Ground water 
monitoring is perfonned on a regular basis • 

2.4 Wastes 

Materials l~ndfilled at the BHS facility are both hazar.dous and non
hazardous waste from a broad group of generators that include industries, 
small businesses, private citizens, hospitals and public agencies. 
Examples of the types of wastes disposed at the facility are the following: 

o Paint sludge containing heavy metals such as cadmium, chromium, 
nickel, lead, mercury, and traces of solvents such as toluene, 
benzene, etc. 

o Heavy metal contaminated waste (less than 1 percent by weight) 

o Pesticides (less than 10 percent by weight) 

o Dust collector dust 

o Spill clean-up materials 

o Expended safety equipment 

0 Contaminated soils from lagoon removal 

March 27, 1985 
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0 

0 

0 

0 

Wastes contaminated with chemicals such as creosote, 
orthochlorophenol, pentachlorophenol, etc. 

Sludges from industrial wastewater processes 

Wastes with maximum organic content of 5 percent by weight 

Non-hazardous wastes 

The landfilled solid wastes are either containerized in drums or disposed 
in a bulk form. 

3.0 INHERENT HAZARD POTENTIAL OF WASTES 

The potential for hazardous waste constituents to adversely affect the 
terrestrial and aquatic environments depends upon a number of circumstances 
and conditions. These include concentration of the compound in the waste, 
mobility of the hazardous constituent in various environmental media, 
toxicity of the compound in the terrestrial and aquatic ecosystems, and 
persistence of the compound in the environment. 

The wastes disposed at BHS that pose the greatest potential risk to 
terrestrial and aquatic environments are: pesticide~, wastes containing 
solvents, wastes containing heavy metals, and wastes contaminated with, for 
example, creosote and ortho- and pentachlorophenol. Other disposed wastes
may pose equal or greater risk to the environment than these. It is 
difficult to assign an inherent hazard potential without knowing the 
concentration and chemical form of the hazardous constituents within the 
disposed materials. 

In the opinion of Woodward-Clyde Consultants, the inherent hazard potential 
of the wastes present at the site should be classified as moderate. This 
classification is based solely on the toxicity of the various hazardous 
compounds being handled by the BHS facility. 
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4.0 ENVIRONMENTAL PATHWAYS 

The media and means through which humans, animals and vegetation are 
exposed to chemical substances are termed environmental pathways. The 
identified potential exposure pathways of the site are: air, ground water, 
surface water, and access haul roads. 

4.1 Airborne Emissions 

The principal wind direction in summer is from the south-southwest and in 
winter is from the northwest. No air monitoring is done either on site or 
off site. 

The standard BHS practice for handling wastes that might have a wind 
dispersal problem is to cover them with soil as soon as possible after 
disposal. As long as this handling practice is followed, there should be 
no particulate emission problem. 

In early 1981 the U. S. Environmental Protection Agency (EPA) ·obtained some 
surface soil samples off site. The EPA report and data were not made 
avai"lable to the inspection team, but it is believed that no noticeable 
level of contamination was detected off site. This would indicate that 
particulate emissions are not a problem at the facility. 

During the site inspection and the discussions with the BHS staff, there 
was no indication of problems from fugitive gaseous emissions· from the 
landfill. However, there have been four odor complaints over the past few 
years. Although these complaints occurred about the time a particularly 
odorous waste was being disposed, they may indicate that a potential gas 
generation problem exists that would need to be addressed in the near 
future. 

• In the opinion of Woodward-Clyde Consultants, insufficient quantitative 
' information exists to classify potential impairment from air emissions. 

However, based on (l) site visit observations, (2) the fact that BHS does 
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not handle particularly volatile wastes, and (3) the fact that air 
emissions are generally not a significant problem at similarly operated 
hazardous waste landfills, a classification rating of low for the facility 
would be reasonable. 

4.2 Ground Water 

The wee ground-water monitoring report dated March 7, 1985 provides the 
following conclusions about ground-water conditions at the site: 

1. Based on 1984 water levels and previous monitoring data from the GM 
wells, ground water movement in the aquifer is generally from south to 
north at the site with an estimated ground-water gradient ranging from 
0.03 to 0.07 ft/ft. 

2. Vertical recharge to the aquifer is apparently limited by an overlying 
deposit of low permeability soil which creates a perched ground-water 
layer above the identified aquifer. The direction of flow in the 
perched layer is radially away from the impoundments toward 
topographically lower areas but the perched water .is also moving 
slowly downward to the underlying aquifer. 

3. Ground-water recharge to the aquifer is occurring to the south of the 
site and the recharge source is the intermittent stream that flows 
from northeast to southwest across the southern portion of the site. 

4. There appear to be no cyclic or seasonal trends in ground-water 
elevations although ground-water levels may generally decrease during 
periods of drought. 

5. National Interim Primary Drinking Water Regulations (NIPDWR) standards 
were not exceeded in any water samples collected in 1984 at BHS. 

M~ rl"'h ?7 _ 1 QAI\ 
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6. Methylene chloride, hexachlorobutadiene, and bis{2-ethylhexyl)phtha-
-

late were the only priority pollutants detected at the site in 1984. 
Hexachlorobutadiene and bis{2-ethylhexyl)phthalate were detected in 
GM-1R during the third quarter at 78 ug/1 and 47 ug/1, respectively, 
but were not detected in the fourth quarter samples and were not 
detected in the leachate sample. Retesting for methylene chloride 
indicated concentrations were below the method detection limit. 

7. Distinct cyclic, seasonal or other trends in the ground-water quality 
were not discernable and, in general, the water quality in the GM 
wells, the interceptor trenches, and the stream was very similar. 
Elevated pH values observed in wells GM-1, GM-1R, and GM-4 appear to 
be related to grout within or near to the screened zone of these 
wells. 

Site investigations have indicated the presence of selenite crystals in the 
oxidized glacial till joints. The potential for dissolution of the 
selenite crystals by landfill .leachate could not be assessed. 

On the basis of WCC's assessment of ground-water conditions, the current 
potential of impairment from ground-water contamination at the site is low. 

4.3 Surface Water 

The site is located on the uplands of the Missouri River, a r~gion that 
typically consists of rolling- hills and gently sloping valleys. The . . 

topography at the site varies from 810 feet MSL in the northwestern corner 
to 724 feet MSL at the southwestern corner. As shown in Figure 1, an 
unnamed, intermittent stream with several small tributaries drains the site 
and immediate vicinity. This stream feeds a recreational lake one-half 
mile southwest of the facility. 

The covered SI-2 impoundment is the only impoundment presently used for the 
storage of potentially hazardous liquids generated from on-site operations. 
Wastewater from SI-2 evaporates or is treated with cement kiln dust and the 
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resulting solids disposed in the-hazardous waste trenches. SI-1, SI-3 and 
SI-4 are used to manage surface runoff that has not been in contact with 
the waste. The runoff waters that have been in contact with the waste on 
site are pumped into pond Sl-1 where water samples are then obtained and 
tested. If the contaminant levels in Sl-1 are found to be below NIPDWR 
standards, the water is discharged into the unlined SI-3 pond. The water 
in pond Sl-3 is used for irrigation during summer. 

With the exception of occasional pumping from the interceptor trenches, 
water is not discharged into the intermittent stream adjacent to the 
landfill. The interceptor trenches are pumped to the stream only after 
chemical analyses show that contamination levels are below the NIPOWR 
standards. The water quality of the intermittent stream at the downstream 
sampling station is similar to that of the upstream sampling station, 
indicating that the facility is not adversely affecting the surface water 
quality of the area. 

On the basis of water quality data and site observations, WCC concludes 
th~t the potential of impairment from surface water contamination at the 
site is low. 

4.4 Access Roads 

• 

As described in the report prepared by D. E. Klockow & Associates, the 
recommended access route to the facility from the west is to exit U. S. 
Interstate 70 (1-70) at Warren County Route H, south on Rou'te H to a "T" 
intersection with Warren County Route M, east on Route M approximately 
one-half mile to Muenz Road, then south on Muenz approximately one-half 
mile to the facility. The recommended access route from the east is to 
exit 1-70 at Warren County Route F, then proceed west on the north outer 
road to Warren County Route H, then south on Route H following the 
directions previously given. The recommended access route from the south 
is to follow Missouri Highway 47 north to Warren County Route 0, east on • 
Route 0 to Warren County Route M, west on Route M to Muenz Road, then south 
on Muenz to tne facility. 
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All road surfaces to the front gate are paved and those on the site are 
gravelled. The conditions and load limits of bridges along the paved 
routes were not evaluated. The traffic on these local access roads through 
this lightly populated area is minimal. Because the probability of an 
accident resulting in a spill is low, wee concludes that the potential of 
environmental impairment·from local access road contamination is also low. 

4.5 Overall Environmental Pathway Classification 

In the opinion of WCC, the combined potential for gradual environmental 
impairment from the four pathways described above should be classified as 
low. This classification assumes that if ground-water contamination is 
detected, the interceptor trenches will be operated in a manner that will 
limit the off-site migration of contaminants. 

• 5.0 POPULATION AT RISK 

• 

This section identifies population receptors that are at risk from 
potential exposure to hazardous substances originating from the site. The 
receptors include land use activities, human population~ and animal and 
plant populations. An overall potential impairment rating for the 
population receptors has been assigned in Subsection 5.4. 

5.1 Land Use in Site Vicinity 

The site is located in a rural area· in Warren County, Missouri, approxi
mately 3 miles southwest of Wright City, as shown in Figure 1. Land use 
surrounding the site is mostly agricultural, and most of the agricultural 
land is cropped with the rest being devoted to raising livestock. The 
other major land use in the area is recreational. There is a recreational 
lake one-half mile southwest of the site that has several lake home sub
divisions around it. 
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5.2 Human Population 

The population of Wright City is approximately 1200 people. The area 
around the BHS facility is a thinly populated agricultural area with few 
farms and recreational subdivisions in the vicinity. Some rural water 
supplies are obtained from bedrock wells about 200 feet deep; a few shallow 
wells of unknown depth are known to exist. 

5.3 Animals and Plant Population 

Animals in the area around the BHS facility consist of those indigenous to 
the eastern part of Missouri and agricultural livestock. There is no 
evidence that the area around the facility is a habitat for any rare or 
endangered species. Deer tracks observed at the site indicate that 
wildlife does traverse the area. 

The area is classified as grassland and deciduous forest. Plant life 
around the BHS facility tonsists of indigenous eastern Missouri flora or 
colllllerci~l crops such as corn, wheat, soybean, sorghum and hay. There is 
no evidence of the area around the facility beinQ a habitat for any rare or 
endangered plant species. 

5.4 Impairment Associated with Populations at Risk 

Based upon the low population density and the low classifi.cation rating 
assigned to environmental pathways, wee concludes that the potential for 
gradual environmental impairment associated with surrounding populations 
should be classified as low. 

6.0 MANAGEMENT PRACTICES 

The BHS facility's management procedures and other activities and 
procedures that may affect potential environmental impairment constitute 
the management practices aspect of the environmental impairment assessment. 

• , 
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6.1 Compliance with Regulations and Standards 

The BHS facility is currently operating under Federal RCRA Interim Status 
and has a Missouri State landfill permit to treat, store and dispose 
hazardous waste. Discussions with BHS management and review of the 
available files indicated no major instances of non-compliance with 
regulations. The USEPA inspects the facility once a year while MDNR 
inspects the site weekly and generates a quarterly report. It appears that 
BHS response to past instances of regulatory non-compliance and to EPA and 
MDNR requests has been timely and appropriate. It also appears that BHS's 
management of solid wastes is being performed in conformance with current 
requirements of the regulatory agencies. 

Because of insufficient information, an evaluation could not be made as to 
whether BHS is meeting all state administrative and technical solid waste 
requirements • 

6.2 Management Attitude 

Based· on the site visit and review of selected BHS files,,it appears that 
the attitude of BHS management is one of cooperation with the spirit and 
letter of applicable regulations •. The management also appears conmitted to 
making their best efforts to conform with all environmental regulations as 
well as any requirements regarding employee health and safety. 
Correspondence with regulatory agencies appears timely and responsive • 

. 
6.3 Employee Training and Safety Procedures 

BHS management has stated that there is an employee training program and 
safety procedures are available. However, at the time of the site visit, 

. the employees were not seen wearing any kind of special safety equipment • 
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6.4 Waste Handling and Treatment Procedures 

The waste handling and treatment procedures, for the most part, are 
apparently being conducted in an appropriate manner. 

6.5 Emergency Plans and Site Security 

In case of an emergency, BHS has a contingency plan which contains a formal 
written response procedures and emergency equipment is readily available on 
site. The main entrance to the site is the only vehicular access to the 
active area from a public road. The site and the inner active area are 
both partially fenced. 

6.6 Past Incidents 

BHS management has indicated that there have been no past incidents that 
have resulted in the release of hazardous constituents to the· environment. 
During the summer of 1981, leachate was noticed leaking through the 
sanitary landfill berm. The berm was subsequently reinforced and no 
further leaking was apparent. On September 10, 1984, ~ non-hazardous waste 
spill occurred on site. The spill was due to an accident involving a truck 
containing brine. 

6.7 Impairment Associated with Management Practices 

On the basis of the site visit and review of some BHS files, wee concludes 
that the potential of gradual environmental impairment from current 
management practices should be classified as low. 

7.0 OUTSIDE ENVIRONMENTAL FACTORS 

Outside environmental factors result from potential impact on the site from 
sources beyond the control of site operations. Although the site occurs in 
earthquake Zone I, ground failure and subsequent waste emissions due to 
earthquakes is considered low. ~dd1tiona11y, catastrophic failure of a 
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small dam upstream of the site is a_potential hazard but the risk to the 
site from such a failure is also considered low. The site is well marked 
and partially fenced. Potential incidents related to trespass are 

considered low. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section summarizes the potential environmental impairments at the site 
and presents recommendations for additional information. 

8.1 Summary of Present Potential of Environmental Impairment 

The present assessment of the potential of gradual environmental impairment 
for the four areas discussed in this report is summarized below. 

Area 

Inherent Hazard Potential of Materials 
Environmental Pathways 
Population at Risk 
Management Practices 
Outside Environmental Factors 

Assessed Potential 
Classification 

Moderate 
Low 
Low 
Low 
Low 

Based upon these preliminary assessments, wee concludes that the present 
information would support a low overall potential of gradual environmental 

impairment classification for this facility. 

8.2 Recommendations for Additional Information 

wee recommends that additional information be obtained or remedial actions 

be taken in the following areas: 

1. Implementation of the removal plan for the two farm ponds. These two . 
farm ponds are located outside the fenced area and at a higher 
elevation than some of the adjacent landfill area. 
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2. Obtain water level measurements in all wells and piezometers to 
provide a better definition of the direction of ground-water movement 
and possible fluctuations in ground-water levels. These measurements 
can be easily and inexpensively obtained. 

3. Additional sampling of piezometers installed in the aquifer monitored 
by the GM wells may confirm the possibility of grout contamination of 
specific GM wells. If grout contamination is confirmed and pH values 
do not return to values representative of the aquifer, replacement of 
the contaminated wells may be necessary to comply with monitoring 
requirements. 

4. To evaluate and establish the reliability of the analytical results, 
it is recommended that a minimum 10 percent QA/QC program be 
implemented. The program would include the submittal of blind 
duplicates, spikes, splits, standards and blanks to the laboratory on 
a regular basis. The results of all QA/QC analyses should be reported 
with each set of sample analyses. 

5. Consider the installation of gas vents in the closed landfill .areas to 
allow generated gases to be vented to the atmosphere and protect the 
integrity of the cap. 

6. Restrict wild animal access to the property. 
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EVALUATION OF 1984 GROUND WATER MONITORING DATA 
· BHS, INC. 

WRIGHT CITY, MISSOURI 

INTRODUCTION 

This report presents an evaluation of the 1984 ground-water monitoring 

data obtained at the BHS, Inc. site near Wright City, Missouri. The 

evaluation was requested by BHS, Inc. for presentation to the Missouri 

Department of Natural Resources (MDNR) and was performed in accordance with 

Addendum 2 to our agreement for services with BHS, Inc •. Although the 

report is to be submitted to MDNR, it is not intended to substitute for the 

1984 Annual RCRA Ground Water Monitoring Report. 

SITE DESCRIPTION 

The BHS, Inc. industrial waste management site is located 3 miles 

southwest of Wright City in Warren County, Missouri, as shown in Figure 1. 

Located on the uplands of the Missouri River, the region typically consists 

of rolling hills and gently sloping valleys. The topography at the site 

varies from about 810 feet MSL in the northwestern corner to about 724 feet 

MSL at the southwestern corner. As shown in Figure 1, an intenmittent 

stream with several small tributaries arains the site and immediate 

vicinity. A geologic description of the site is presented in Appendix A. 

A brief description of the waste management facilities at the site is 

presented below. 

Surface Impoundments 

Four surface impoundments (SI-1, Sl-2, Sl-3 and Sl-4 )exist at the 

site (see Figure 2). The surface impoundments have been used to manage 
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non-contact surface runoff and liquid wastes generated from site 

operations. 

SI-2 is the only impoundment presently used for the storage of 

potentially hazardous liquids generated from on-site operations. SI-1, 

SI-3 and SI-4 are used to manage non-contact surface runoff. 

Landfills 

Figure 2 shows the location of the past landfilling area and the 

currently operating landfill, Area 1. The cell in Area 1 has been designed 

so that a minimum of 30 feet of soil remain in place between the first 

aquifer and the bottom,of the cell. Area 1 has been de~igned with a 

leachate collection system consisting of a blanket drain, collection 

trenches, and sumps for the final collection of leachate. 

• Auxiliary Structures 

• 

To the east and south of the landfill area are three interceptor 

trenches designated I-1, I-2 and I-3 (see Figure 2). The trenches are 
' 

designed to intercept ground-water flow from Area 1 toward the intermittent 

stream to the east and south of the landfill. Trench I-1 consists of a 

compacted clay barrier with a sand drain on the up-gradient side. Trenche~ 

1-1 and I-2 drain to a common collection location. Trenches 1-2 and I-3 

consist of sand drains without the clay barrier. 

BHS has also constructed subsurface compacted clay barriers across the 

alluvium of the stream at the surface water sampling locations shown in 

Figure 3. The barriers are intended to divert ground water within the 

alluvium to the surface for sampling during dry seasons. 

Berms designed to divert surface runoff resulting from a 24-hour, 

25-year storm event have been constructed around the Area 1 landfill. 

March 15, 1985 
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SAJ-1PLE COLLECTION AND ANALYSES 

During 1984, monthly water samples were obtained for chemical analyses 

from six ground-water monitoring wells, five surface water sampling 

stations and two interceptor trench sumps at the BHS site. The six 

ground-water monitoring wells were designed to monitor the ground-water 

quality in the uppermost aquifer at the site as described in Appendix A. 

The locations of the wells and the other sampling stations are shown in 

Figure 3. The samples were obtained and analyzed by MMTL Analytical 

Services in Columbia, Missouri, and the results are presented in 

Appendix B. Concentrations of selected chemicals during 1984 are presented 

as time-concentration plots in Appendix C. 

Generally the ground-water levels were measured prior to flushing the 

wells in preparation for sampling. The water level data are presented in 

Table 1. Water level fluctuations during 1984 and the daily precipitation 

as recorded at Henmann, Missouri are presented in Figure 4. Potentiometric 
' 

contour maps, interpreted from the observed water levels, are presented in 

Appendix D. 

Well GM-1R was added to the monitoring network in July 1984 to replace 

well GM-1. EPA Region VII requested this change because GM-1 w~s 

apparently located too near the waste management facilities and might be 

influenced by the facilities. Well GM-5 was also added to the monitoring 

program in July of 1984. 

DIRECTION AND RATE OF GROUND-WATER MOVEMENT 

The direction of ground-water movement based on the water levels in 

the ground-water monitoring (GM) wells is from south to north (or southeast 
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to northwest). This direction of fJow is generally consistent with the 

direction of flow interpreted from ground-water levels measured previously 

in piezometers installed at the site, (Appendix A). 

The potentiometric contours indicate recharge of the aquifer monitored 

by the GM wells is occurring to the south of the site. Seepage from the 

intenmittant stream, which flows from northeast to, southwest across the 

southern portion of the site, appears to be the most probable source of 

recharge. The site geology, as described in Appendix A, indicates that the 

aquifer monitored by the GM wells may be incised by the stream or interface 

with the stream alluvium along at least a portion of.this drainage way. 

Precipitation runoff and perched ground water that discharges to the 

stream are sources of water which may seep into the aquifer along the 

stream. Nested piezometers installed at the site indicate the presence of 

a perched ground-water zone above the unoxidized glacial drift (see 

Appendix A) which apparently acts as an aquitard limiting the downward 
I 

migration of the water into the underlying aquifer. The potentiometric 

contours from nested piezometers installed in this perched zone indicate 

that ground-water recharge to the perched zone originates from the farm 

ponds located west of the landfill (see Figure 3). 

Because the ponds are a relat1vely constant source of recharge, flow 

in the stream resulting from ground water is expected to be less va~iable 

than flow resulting from surface runoff. During periods with little or no 

rainfall, ground water that discharges to the stream may comprise the 

majority of the flow. The specific conductance of the stream is expected 

to increase during the summer since the ground water generally has higher 

March 15, 1985 
• _....._ ltJI""''.,,ft , Page 4 

.- .. 



: l 
I 

l 

I 

I 

I 
I 

I 
I 

Wooclward·Ciyde Consultants 

concentrations of dissolved solids. However, no surface water samples were 

collected in June, July and August of 1984 because the streams were dry. 

Lack of precipitation is expected to result in a decline of perched 

ground water elevations. Water levels may decline below the elevation of 

the ground surface so that no surface discharge occurs along the stream; 

however, subsurface discharge to the alluvium may continue. 

The ground-water observations in the GM wells generally indicate a 

decline in the water levels during June, July and August of 1984, 

indicating a lack of recharge. The large decline of water levels observed 

in wells GM-3 and GM-4 is reported to be due to additional pumping 

conducted between sampling periods. The additional pumping was apparently 

conducted in an effort to ensure that these wells were sufficiently 

developed. The observed increase in water level in well GM-2 during 

September of 1984 may be due to an erroneous measurement. As shown in 

Fi9ure 4, there does not appear to be a direct correlat.ion between 

precipitation and fluctuations in ground-water levels except for the 

decreasing levels generally observed during June, July and August when 

little precipitation occurred. 

The ground-water gradients estimated from the monthly water level data 

and the interpreted potentiometric contours for the GM wells varied from 

0.03 to 0.07 ft/ft in May 1984 and November 1984, respectively, and are 

consistent with gradients previously estimated by others (see Appendix A). 

Based on the values for field permeability (1 x 10·5 cm{sec) and porosity 

(0.33) presented in Appendix A, the average linear velocity of ground-water 

flow would be less than 3 feet per year. 

1 ' 
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WATER QUALITY DATA 

Water samples were analyzed monthly for selected water quality 

indicator parameters and the heavy metals and pesticide fractions of the 

National Interim Primary Drinking Water Regulations (NIPDWR) standards. 

Additional samples from the GM wells and interceptor trenches were analyzed 

quarterly for an additional 112 priority pollutants, total coliform, Gross 

Alpha, Gross Beta, and total radium. The results of these analyses are 

presented in Appendix B and discussed below. 

NIPDWR 

The results indicate that the concentrations of heavy metals and 

pesticides were all less than the NIPDWR standards. The reported levels of 

• coliform bacteria and radiochemical activity were occasionally greater than 

the NIPDWR maximum levels as presented in Appendix B. The aquifer 

monitored by the GM wells is not reported to be a drinking water supply 

(Appendix A). 

• 

Priority Pollutants 

Priority pollutants were not detected in any samples at concentration~ 

above the method detection limit, with the following exceptions: 

Well GM-1R. Hexachlorobutadiene and Bis(2-Ethylhexyl)pht_halate were . . 
detected in the third quarter sample at concentrations of 78 ug/1 and 

44 ug/1, respectively. Well GM-1R replaced well GM-1 in July of 1984 so 

that the third quarter analysis was the first priority pollutant analysis 

from well GM-lR. Only Methylene Chloride at 160 ug/1 was detected in the 

fourth quarter sample from well GM-lR. Methylene Chloride is a 

glass-cleaning solvent commonly used by laboraties to clean bottles. 

Retesting of the water from GM-lR indicated less than the method detection 
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limit (10 ug/1) of Methylene~thloride. The analytical results from a 

leachate sample obtained at the site are presented in Appendix E. The 

results indicate Hexachlorobutadiene and Bis(2-Ethylhexyl}phthalate at 

concentrations below the method detection limit (10 ug/1). 

GM-4. Methylene Chloride was detected in the fourth quarter sample at 

a concentration of 33 ug/1. Retesting of the water from GM-4 indicated a 

Methylene Chloride concentration below the method detection limit (BMDL). 

~· Methylene Chloride was detected in the third quarter sample at 

a concentration of 12 ug/1. No priority pollutants were detected at 

concentrations above the method detection limit in the fourth quarter 

samples from well GM-5. 

Interceptor Trench 3. Methylene Chloride was detected in the fourth 

quarter sample at a concentration of 570 ug/1. A sample from this trench 

was retested with the concentration of Methylene Chloride reported at BMDL. 

General Water Quality Parameters 

The general water quality parameters, including chloride, sulfate, 

magnesium, sodium, specific conductance, TOC, TOX and pH, indicate the 

water quality in the stream, the interceptor trenches and the GM wells is 

very similar with·the following exceptions: 

Specific Conductance. Specific conductance is a measure of the total 

dissolved solids. The specific conductance measured in samples obtained 

from the wells and trenches is slightly higher than samples obtained from 

the stream. Specific conductance is expected to be higher in the ground 

water and trenches because of the longer contact time between the soil and 

the water. The increase in specific conducance, sodium and chloride in the 

stream during September·is the result of a brine spill reported to have - -

• 
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occurred near Area 1 prior to the date of the in September sampling. By 

December, specific conductance, sodium and chloride had nearly returned to 

the pre-spill concentrations. 

Magnesium. The concentrations of magnesium are highest in the 

interceptor trenches, lower in the ground water and lowest in the stream. 

As with the specific conductance, the magnesium content may also be related 

to the contact time between the soil and ground water and a difference in 

water quality between the perched ground water and the aquifer • 

.2!!· The pH values of the stream and interceptor trenches ;s generally 

in the range of 7.0 to 8.0±. The pH of the ground-water samples obtained 

from the GM wells is also in this range with the exception of wells GM-1 • 

• GM-4 and the first three samples obtained from well GM-1R. The pH values 

for GM-1. GM-1R and GH-4 range from about 9.0 to 11.0±, although the values 

for GM-1R in recent months has approached the range of 7.0 to 8.0. With 
' the exception of these wells, ground-water samples obtained at other 

on-site locations and depths (see Appendix E) have indicated pH values 

between 6.0 and 8.0±, possibly indicating the water quality in wells GM-1, 

GM-lR, and GM-4 is being impacted by cement grout in or near the well 

screen. Problems with installing the GM wells were reported and, in the . . 

case of GM-4. the grout was found to have dropped 15 to 20 feet after 

placement. To evaluate the potential impact of the grout on the water 

quality, a grout mix similar to that used to install the GM wells was 

prepared. Water which was exposed to the grout was sampled and analyzed 

for selected parameters including pH. The results which are presented in 

~able 2 indicate a pH of between 10 and 11. 
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Sulfate. The concentration-of sulfate was lowest in the stream, 

higher in the trenches, and highest in the GM wells, although concentra

tions in the GM wells were widely varied. The highest concentrations (1000 

to 2000 mg/1} were detected in wells GM-3, GM-1R, and GM-5. Sulfate 

concentrations in wells GM-1, GM-2 and GM-4 were initially between 200 to 

500 mg/1. Sulfate concentrations increased in wells GM-2 and GM-4 during 

the summer months and returned to lower concentrations 1n the fall. The 

results of the grout/water analyses presented in Table 2 do not indicate 

significant contributions of sulfate from the grout. Previous analyses of 

samples obtained from piezometers installed at the o~idized/unoxidized 

interface indicate higher concentrations of sulfates in the perched water 

(1580 to 1740 mg/1 in K5(ox} and K2(ox)) than in the aquifer (246 to 

372 mg/1 in GM-4 and GM-1} (WCC report dated November 21, 1983). 

Miscellaneous 

Other observations include: 

1. The water quality in Trenches I-1, I-2 and 1-3 is very similar and 

relatively stable. 

2. Although the concentrations of some parameters increase slightly 

in the stream as it flows through the site, the concentrations at the 

downstream sampling station are very similar to the concentrations at the 

upstream sampling stations. The concentrations at the downstream location 

increased following the brine spill in September; however, by December of 

1984 the concentrations were generally similar to the up-gradient 

concentrations. 

• 
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3. Based upon the availabl~ data, there does not appear to be any 

distinct trend in concentrations with time, precipitation, water levels, or 

location at this site. The mean values and the standard deviations for pH, 

TOC, TOX and specific conductance for the 1984 samples are presented in 

Appendix E. 

CONCLUSIONS 

Based upon our review of the 1984 ground-water monitoring data and the 

reports of previous hydrogeologic investigations by others at the site, we 

present the following conclusions for your consider~tion: 

1. The potentiometric contours interpreted from the 1984 water levels 

reported in the GM wells indicate ground water movement in the aquifer is 

approximately from south to north at the site. The estimated ground-water 

gradient varied between approximately 0.03 to 0.07 ft/ft during 1984. The 

direction of flow and estimated gradients are consist~nt with the 

interpretations of previous monitoring data. 

2. Vertical recharge to the aquifer is apparently limited by an 

overlying deposit of low permeable soil. Nested piezometers installed at 

the site indicate a perched ground-water layer above the identified 

aquifer. The direction of flow fn the perched layer is radially away from 

the impoundments, toward topographically lower areas. Water levels in the 

nested piezometers indicate a downward vertical gradient at the site. 

3. Ground-water recharge to the aquifer monitored by the GM wells is 

occurring to the south of the site as indicated by the potentiometric 

contours. The source of the water recharging the aquifer appears to be the 
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intermittent stream which flows from northeast to southwest across the 

southern portion of the site. 

4. No cyclic or seasonal trends in ground-water elevations are 

apparent from the existing water level data. It appears that the 

ground-water levels may generally decrease in response to a lack of 

precipitation. 

5. National Interim Drinking Water Regulations (NIPDWR) standards 

were not exceeded in any water samples collected in 1984 at BHS. 

6. With the exception of Methylene Chloride, Hexachlorobutadiene and 

Bis(2-Ethylhexyl)phthalate, no Priority Pollutants we~e detected at the 

site in 1984. Hexachlorobutadiene and Bis(2-Ethylhexyl)phthalate were 

detected in GM-1R during the third quarter at 78 ug/1 and 47 ug/1, 

respectively, but were not detected in the fourth quarter samples and were 

not detected in the leachate sample. Retesting for Methylene Chloride 

indicated concentrations were below the method detection limit • . 
7. In general, the water quality in the stream, interceptor trenches 

and GM wells was very similar. With the exception of the brine spill 

impact, the surface water quality at the downstream sampling station was 

similar to the water quality at the upstream sampling stations. 

8. Distinct cyclic, seasonal or other trends in the water quality 

were not discernable. 

9. The elevated pH values observed in wells GM-1, GM-1R, and GM-4 

appear to be related to grout within or near to the screened zone of these 

wells. 

• 
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RECOMMENDATIONS 

Based upon our review of the data and our experience at similar sites, 

we present the following recommendations for your consideration. 

1. Water level measurements in all wells and piezometers are 

relatively inexpensive to obtain and may provide for better evaluations, at 

least initially, of the direction of ground water movement and fluctuations 

in ground-water levels. 

2. Additional sampling of piezometers installed in the aquifer 

monitored by the GM wells may confirm the possibility of grout 

contamination of specific GM wells. If grout contamination is confirmed 

and pH values do not return to values representative of the aquifer, 

replacement of the contaminated wells may be necessary to comply with 

monitoring requirements. 

3. To evaluate and establish the reliability of the analytical 

results, it is recommended that a minimum 10 percent QA/QC program be 

implemented whic~ would include the submittal of blind duplicates, spikes, 

splits, standards and blanks to the laboratory on a regular basis. The 

results of all QA/QC analyses should be reported with each set of sample 

analyses. 

LIMITATIONS 

The GM-series wells were installed by others to monitor ground-water 

conditions in what is identified as the uppermost aquifer, although an 

overlying perched ground-water layer has been identified at the site. Thi.s 

• evaluation of the 1984 ground-water monitoring data is based on the assump

tion that the GM wells are installed in a single,· continuous, water-bearing 
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stratum and that the wells were constructed to monitor ground-water condi

tions only in this aquifer. That is. the wells are not screened through 

more than one aquifer or water-bearing strata and are constructed to limit 

the vertical migration of water between aquifers or water-bearing strata. 

I 
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Gil-l 796.3 700.8 - 670.3 702.5 702.0 - 702.3 703.3 699.8 698.3 

GII-II 765.3 728.0 - 705.0 - - - - - - - 749.3 740.3 137.8 740.3 740.3 

GM-2 812.3 665.0 - 636.5 668.4 667.3 - - 667.3 664.3 662.3 667.3 666.7 118.3* 666.7 663.3 

GM-3 712.8 675.0 - 647.0 691.0 688.1 - 685.8 687.8 682.8 660.8 660.8 683.8 614.3 692.8 657.8 

Gll-4 758.0 682.3 - 653.0 727.9 709.2 - - 731.0 693.0 688.0 688.0 700.0 686.0 698.0 703.5 

GM-5 771.6 686.4 - 631.4 - - - - - - - 6b6.6 682.0 682.6 678.6 676.6 
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TABLE 2 

GROUT/WATER ANALYSES 
BHS, INC. 

Woodward-Clyde Consultants 

Analysis Concentration Units 

Total Organic Halogen 

Chloride 

Sulfate 

Total Organic Carbon (Sparged) 

Magnesium 

Sodium 

100. 

52. 

143. 

4. 

10.8 

166. 

UG/L as CL 

MG/L 

MG/L 

MG/L 

MG/L 

MG/L 

Notes: Analyses were performed on samples as received by Wilson Labs 
utilizing approved procedures published in the Federal Register, 
Vol. 49, No. 209, October 26, 1984. 

Samples analyzed February 18, 1985 • 
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1. INTRODUCTION 
Bob's Home Service, Inc. (BHS, Inc.) is a solid waste management 

firm operating two geographically separate landfill disposal facilities 
in the Wright City, Missouri, area. One of these, the subject of this 
report, is a chemical landfill. The other, several miles away, 
is a sanitary landfill. Wright City is approximately 35 miles 
west of St. Louis on I 70. (Please see Figure I in the Appendix.) 

BHS, Inc. desires to obtain Environmental Impairment Liability 
("EIL") insurance for its chemical landfill operations.only on 
behalf of itself and three other named insureds including J & Z Waste 
Disposal, Inc., as this coverage is defined in Form EIL (USA) - 1276. 
Environmental Risk Assessment Service (USA) ("ERAS") has been re
tained to survey BHS, Inc.'s activities at the site and furnish 
a report assessing the liability risks as a prerequisite to accept
ance of the risk by the underwri.ters of EIL insurance. 

The risk assessment given by ERAS in this and s~milar reports 
is based on the following factors: 

1. The nature and quantities of the materials handled, in 
particular the potential for damage to health (of human, 
animal, or plant life) or property if releases to the en
vironment were to occur. 

2. The degree of control exercised on materials processing, 
handling, and storage. 

3. The adequacy of controls on the treatment of waste streams 
released to the environment. 

4. The amount of mana8ement attention given to matters of 
environmental concern. 

5. The location of the insured's operations relative to 
possible damage targets. 

The evaluation is largely qualitative and is given on a verbal 
scale from very high to very low risks. 

2. DISCLAIMER 
The material that follows is furnished pursuant to an express 

• agreement that the ERAS study and report. are made for the benefit of 
both BHS, Inc. and the potential insurers and that ERAS is free to 
inform the potential insurers of any if information relevant to the 



• evaluation of the potential risk coming to its attention in the cour~ 
of the survey or preparation for it. It is further understood that 
ERAS accepts no liability to the potential insured, insurers, reinsurers 
or others arising out of any negligence, lack of diligence, or failure 
to furnish services of a professional quality on the part of ERAS's 
employees or agents in its preparation, nor for any· losses sustained 
by BHS, Inc. as a result of any denial of insurance based on the survey 
or. report. 

Factual information has been obtained from BHS, Inc.'s personnel 
and has been assumed to be correct and complete by ERAS. A draft of 
this report has been reviewed by BHS, Inc. 

3. RISK ASSESSMENT 
As a class, hazardous waste disposal is assigned a risk rating that 

is very high compared with the average rating for industrial and 
commercial activities as a whole. Compared to 
disposal sites, BHS, Inc. is assigned a rating 
to the median for such sites. 

other hazardous waste 

that b low compared~ 

This favorable rating is assigned by ERAS subject to the 
recommendation that the following qualification be included in any 
coverage that is provided to BHS, Inc. 

BHS, Inc. adopt a system of chemical'testing sufficient 
to establish that the initial load of each waste stream from 
each new customer and new waste streams from existing customers 
conform to the shipping manifests or other advance indications 
of waste composition supplied by the waste generators. The 
present screening nrocedures may continue for.homogeneous 
waste streams once their identities are established. 

4. OPERATIONS 
A. General 
The original owner of BHS, Inc., Mr. James Zykan, initially 

became involved in solid waste management as a municipal refuse 
hauler and then sanitary landfill owner and operator. When the need 
became apparent, Mr. Zykan established a hazardous solid waste dis- • 
posal operation at his facility in Hickory Grove, Warren County, 
Missouri. A three-year indu~trial solid waste disposal permit was 
obtained from the Missouri Department of Natural Resources· on May 
25, 1977. BHS,Inc. began accepting industrial (hazardous) waste 
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at the time on 15 acres out of the site total 150. It is estimated 
that if all permittable acreage on the present site were to be util· 
ized, a total disposal capacity of 1,000,000 cubic yards would be 
available. Permits for an additional 23 acres have been applied for 
with the expectation of further applications in future. 

Subsequent to issuance of the May 25, 1977, permit, Missouri 
developed a specific hazardous waste management program with associated 
rules and regulations. These became effective on July 1, 1980, and 
required BHS, Inc. to apply for a new five-year disposal permit. 
The new permit has not as yet been issued but a variance (i.e. an ex
tension) to the original permit has been granted. New permits have 
become political footballs in this election year so some further delay 
in issuance is to be expected. 

The landfill has acquired considerable unwanted notoriety as 
it is now the only permitted solid waste disposal facility in 
Missouri although B. F. I. operates a hazardous liquid waste disposal 
facility near Kansas City. A number of other landfills were 
closed as a result of the July 1 regulations. BHS, Inc.'s principal 
motive for acquiring non-sudden environmental impairment liability 
insurance at this time appears to be the company's desire to 
demonstrate good faith compliance with all reasonable present and 
potential regulatory requirements. 

The facility does not accept liquid or radioactive wastes. 
Mr. Zykan is now deceased and ownership has passed to his widow. 
Actual day-to-day operation (including acceptance or rejection of 
specific wastes considered for disposal) is under the direction 
of Mr. Michael Gill. Mr. Gill possesses a B. S. in Chemistry and 
an M.B.A. The facility employs seven individuals in additional to 
Mr. Gill: three drivers, one mechanic, two laborers and a secretary/ 
bookeeper. BHS, Inc. is somewhat unique in that it is the transporter 
of approximately 90 percent of the waste disposed of at the site, 
both drums and bulk. Transporter bonding is not mandated by Missouri 
and none has been obtained. 

The site was designed by an apparently competent engineering 
firm, Reitz and Jens, Inc. of St. Louis, at an appropriate fee ($60,000.) 
The site encompasses the disused 10-acre sanitary landfill that was 
Mr. Zykan's original dfsposal facility. 



B. Site Description 
The area surrounding the Bob's Home Service, Inc. landfill is 

basically rural. Land bordering the property is occupied by 
• 

farmland and woods with Innsbrook (a part-ttme vacation home community 
on a man-made lake) lying approximately l/2 mile southwest of the 
site. Location of Innsbrook relative to BHS, Inc. is.shol~ on 
Figure II. There are four or five neighbors on th~ entry road, one 
of whom operates a hog farm. All of these residences are on wells. 
As shown in Figure II, little further development has taken place. 

i. Geology 
BHS, Inc. is in an area of Kansan glacial tills having 

thicknesses of at least 100 feet with limestone and shale bedrock 
below the till. 

The bedrockformations in the region are Mississippian Age 
shales and limestone of the Burlington and Ferm Glen Formations plus 
the Chouteau and Sulphur Springs Group where the tills are thinner, 
and Ordovician (Kimmswick, Decorah or Plattin) where the tills are ~ 
thicker. The large unconformity between formation of Ordovician an~ 
Mississippian Ages results from absence of Silurian·and Devonian -~ • 
rocks in this part of Missouri. 

A paleo-erosional surface is at the contact between the bedrock 
and the tills of the Pleistocene Age. A valley is indicated from 
the northwest to the southeast. This erosional valley was filled 
with massive, fine·-grained till during the Pleistocene Age. Valleys 
of this type are common in northern Missouri although, at BHS, Inc., 
this deep erosional valley filled with massive, fine-grained, tight 
tills, while unusual, is qui;e favorable for this.type disposal oper
ation. The disposal facility is situated over or close to the 
center of this thick till valley. This valley condition indicates 
groundwater in the BHS, Inc. area will be contained and not migrate 
downward or disperse laterally. 

In the larger valley with intermittent stream that runs through 
BHS, Inc. neither bedrock outcrops nor springs have been detected. 
Because of the absence of these two items, no rapid lateral move- • 
ment ~f fluids can be expected. Further, no bedrock· outcrops, sprin 
or sinkholes have been detected within one-fourth mile of the site. 
There are no·established mineral.reserves within one-fourth of.the 
site. 
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Overlying the bedrock in this area is a thick (over 100 feet 
thick in this site) glacial till. The till, during test drilling, 
generally was tight and dry; a continuous flight auger was used to 
advance the hole. Where the test hole reached bedrock, water entered 
and rose in what previously was a dry hole indicating the tightness 
of the till and that it was an aquiclude. This tightness is equally 
effective whether the water tries to move upward o.r downward. This 
Pleistocene till from the Kansan glacier is of a CL soil known to 
be fairly still clays of uniform texture, pre-consolidated and 
effectively impervious to fluid flow. Overlying the till are Putnam 
or related soils of windblown origin. A shallow clay pan from the 
modified loess is above the bottom elevation of the waste disposal. 

. ·\• 

These shallow soils, along with the sloping, local, upland 
topography provide for most of the rainfall to flow laterally along 

'·. 
the surface rather than infiltrate. This rolling topography is 
more desirable than a flat site because it reduces infiltration 
opportunity by increasing surface runoff and reducing surface 
detention storage. 

11. Subsurface Investigation 
Tests have included 16 piezometer holes, one monitorin~ 

well and an initial test hole. The 16 piezometer holes were 
drilled 35 feet deep and a 3-inch diameter PVC pipe was installed 
with sand backfill in the annular space between the pipe·and side 
of .the hole. At a depth of 10 feet below ground surface, a benton
ite seal was placed around ~he pipe and a local soil backfill placed 
above the bentonite seal up to ground surface in the annular 
space between the pipe and side of the test hole. During drilling 
of each of these p i e z om e t e r holes, soil sam~les were recover
ed at each change in strata for purposes· of visual' classification 
of the soils. Also, soil smaples were kept stored in air-tight 
glass containers for laboratory testing of two samples from each 
hole. 

Fourteen of the test holes were drilled dry, with a continuous 
flight auger powered by a truck-mounted coring rig. Two were drilled 
with a rotary coring rig known as an Ingersoll-Rand T-4. This rig 
utilizes compressed air with injected water as the drilling medium. 
None of the peizometer holes encountered any natural groundwater 
table nor did_ they encounter- any perched water table. At the time 
of drilling, two holes were filled with water at the end of the 



' . 
drilling and pipe installation sequence as a result of method of 
hole advance using compressed air with injected water. 

A monitoring well was drilled in the southeast corner of the 
tract the lowest surface grade within the tract. Drilling for the 
deep monitoring well encountered a thin layer of topsoil at the sur
face and entered glacial till deposits. The overwhelming thickness 
of the tills drilled were clayey, either all fine ~aterials or sand 
and/or gravels with clay binder. Isolated sand and/or gravel strata 
were found. This stratification is typical of glacial tills and 
extended to a depth of 168 feet at which limestone bedrock was en-. 
countered. The bedrock was penetrated for a depth of 6 feet with 
the roller cone bit used on the drill rig, to verify absence of 
voids in the surface of the bedrock. No voids were located. 

• 

The initial test hole drilled in August 1976 was drilled 129 
feet or at least 10 feet below the elevation of the gravel pocket 
encountered in the monitoring well; however, no gravel or water 
was encountered. The gravel layer is not continuous. Three test 
holes were drilled in March 1980. These test borings were drilled ~ 
dry with a 6-inch continuous flight auger powered by ·a truck-mounted ~ 

core rig. The test holes were advanced to a total depth of 67 feet. 
Split-spoon or Shelby tube samples were taken every 5 feet. No water 
was encountered. 

The soils information was obtained through extensive drilling 
and sampling. The tests confirm this site has a very dense, per
consolidated, impermeable, low plastic clay. (See Tables 1 and 2 
for summary of soil tests.) 

Samples from e.ach hole were analyzed for their. -gradational char
acteristics and Atterberg Limits. Gradation was determined by hydro
meter and sieving as outlined in ASTM D-422. Atterberg Limits were 
determined on that sample finer than No.40 fraction in accordance with 
ASTM D-423 and ASTM D-424. The percentage clay fraction on these samples 
together with the hydrometer analysis indicates these soils have clav 
sizes (minus .002mm) ranging from 18% to 42% and plasticity indices of 7 to 4 

The grain size distribution covers of samples from the 16 • 
piezometer holes and monitoring well have remarkably similar grada-
tion curves. If overlaid or plotted on one sheet of paper, they 
would fall within a· very narrow band. This indicates the uniformity 
laterally across the site which on an aggregate basis is expected 
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istic curve from the larger sizes down to the clay size fractions 
and smaller. This smooth, well-graded shape allows extremely dense 
packing without unusual diffi~ulty which, in turn, can create a tight 
soil of low permeability without the need for the presence of large 
quantities of platelet-shaped particles (clay) to create low perme-
ability. 

It has been noted 4uring tabulation of the percentage smaller 
than 2 microns that more clay size particles are evident in the deeper 
samples. This is fortuitious and assures greater resistance to water 
flow through the .soil strata at the bottom of the disposal cells .. 

Permeabilities were calculated from consolidation tests of 
undisturbed samples. This deductive method of permeability deter
mination had to be used due to the impossibility of using permeameter 
time-flow measurement. Results of these tests are listed in Table 3. 

The soil tests confirm that the glacial tills are dense and 
impermeable. The glacial till that fills this deep V-shaped rock 
valley has favorable characteristics for minimizing any potential 
contamination of the ground or surface water in this area . 

The magnitudes of the cation exchange of the 9 s'amples from 
various locations shown in Table 1 are low. These low magnitudes 
suggest rather stable (volumetrically) clay minerals such as 
kaolinites, chlorites and illites. The size of. a clay particle 
can and will change with cations absorbed and availability of polar 
liquids. Low ca~ion exchange indicates low potential change in 
clay particle size which in turn indicates the permeability of the 
soil zone from which. ~he sample was taken will not be adversely af
fected (increased) by possible changes in dissolved salts. 

iii. Hydrogeologic Information. 
1. An examination of the records of the wells drilled into 

the St. Peter Sandstone (the only substantial aquifer under the site) 
indicates the top of the St. Peters varies from elevation 439 to 462 
at depths of 325 to 385 feet. Water elevations at the time of drilling 
and development were 654 to 686. 

2. Insufficient data are available for development of mean
ingful water table contours. 

3.. Groundwater movement is to the east. The. undoubtedly low 
rates of flow through the St._Peter Sandstone are not available. 

4. The St. Peter Sandstone is a major source of groundwater 
. through this whole area. It is of the Ordovician system of the 



Mississippian Limestones and a surface thickness of at least 100 
feet of dense, impermeable, unstratified, glacial tills .. The 
area of the BHS, Inc. and its surroundings is not a recharge area. 

5. Table 4 gives the analyses of water samples taken in 

• 
April and June 1977 from: (1) "M", the monitoring well in the south
eastern corner of the site; (2) "E", the open stream near southwest 
corner of the BHS, Inc. property; (3) "I", the "Old Well"; and 
(4) "Z", the Zykan residence well. 

The April 11, 1977, samples for wells "0", "E" and "Z" all meet 
the Drinking Water Standards except for somewhat high phenol contents. 
Water from the monitoring well "M" exceeds the allowable drinking 
water standard for arsenic, barium, chromium, iron, lead, phenol, 
sulphate. 

The June 16, 1977, samples were obtained from "M", "0" and "E". 
The iron content is above drinking water standards 
significantly high in "M" and "0". Phenols remain 
the drinking water desirables. In all three wells 
high. 

in all three wells. 
somewhat above 

"' ~he sulphates are -· • 

6. This site is in an area of Missouri glacial tills having 
thicknesses of at least 100 feet in depth with limestone bedrock 
below the till. Records indicate some areas have formations of 
Mis~issippian and others of the Ordovician System as shallowest 
bedrock. Characteristic of glacial tillare denseness and imper
meability when unstratified. 

The current and projected regimen of surface water resources 
in the area is wet weather streams running from valley heads. No 
development of a connection between water which may seep into the 
landfill and natural groundwater is foreseen. The tills are ef
fectively impermeable due to good gradational characteristics and 
high densities. Transmissibility is very low because of the 
thickness of the till and its relative impermeability which pre-
clude contamination of groundwater used for domestic supplies pumped. 
from the bedrock below the glacial tills. 

The 150 acre property of BHS, Inc. is at the upper end of a 
watershed which starts about·2 l/2 miles southwest of Wright City 
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in Warren County, Missouri, and drains southwestwardly to Charette 
Creek which discharges into the Missouri River about 5 miles upstream 
of Washington, Missouri. 

No precipitation record is available for Wright City but the 
National Weather Service reports the following an~ual· average 
rainfalls in inches for the following stations: 

Troy (11.5 miles north of Wright City) 37.51 
Warrenton (7.0 miles west of Wright City) 
Washington (19.0 miles south of Wright City) 

37.15 
38.02 

Plate 1, "Gauging Stations, Average Annual Runoff, Soil 
Infiltration Values and Areas of Anomalous Runoff in Missouri," 
1973, from Water Resources Report 28, "Flood-Volume Design Data 
for Missouri Streams" by John Skelton, U.S. Goelogical Survey, 
prepared in cooperation with Missouri Geological Survey and Water 
Resources (1974) indicates the average runoff at the location of 
the property of BHS, Inc. is 9.6 inches; and the average soil 
infiltration value is 2.6 inches. This map also shqws the average 
soil infiltration increasing to 3.5 inches south of the BHS, Inc. 
property. 

Average annual lake evaporation at St. Louis for the 50-year 
record 1911-1962 was 35.21 inches ("Lake Evaporation in Illinois" 
by W. J. Roberts and John B. Stall; Illinois State Water Survey 
Report in Investigation 57, Urbana, 1967.) Columbia, Missour~ for 
the period 1891-1940 with a mean annual percipitation of 38.09 
inches had 40.69 inches of mean annual evaporation ("Evaporation 
From Lakes and Reservoirs: A Study Based on 50-Years' Weather 
Bureau Records," directed by Adolph F. Meyer; Minnesota Resources 
Commission, St. Paul, Minnesota; June 1942.) This same reference 
for the same 50 years 1891-1942 shows that St. Louis with a then 
mean annual precipitation of 36.57 inches had a 40.99 inches mean 
annual evaporation. 

Evapotranspiration is substantially equivalent to total evapor
ation which "is the sum of water lost from a given land area during 
any specific time by transpiration from vegetation and building of 
plant tissue; by evap_oration from water surfaces, moist soil and 



• snow; and by interception. _ The term is applied primarily to 
stream drainage basins for the period of the annual climatic 
cycle or subdivision of that period. Total evaporation is 
essentially precipitation upon the drainage basin minus runoff, 
corrected for change in storage volume within the basin and for 
subsurface leakage" (from Lee, C.H.; "Transpiration and Total Evap
oration," Chap. 8 in O.E. Meinzer (ed): "Hydrology," Vol. IX of 
"Physics of the Earth," McGraw-Hill Co. , Inc. , New York, 1942.) 

Using an average annual rainfall of 37.3 inches and an average 
annual runoff of 9.6 inches the total evaporation at the property 
of BHS, Inc. is 27.7 inches. The portion of this that is strictly 
"transpiration" depends upon the types of vegetation on the water
shed; trees can use 10 to 40 inches annually; tall grasses 20 to 
30 inches; crops 12 to 48 inches annually. 

There are 333 acres of upper watershed that drain surface 
runoff onto BHS, Inc. property. Adding to this the 150 acre within. 
BHS, Inc. property, the surface runoff from 483 acres leaves the , . 
property. ._ 

The tight impermeable soils of the BHS, Inc. site are deep "' 
enough to preclude any "in and out" underflow. The limited informa
tion about the principal aquifer under the site, the St. Peter 
Sandstone, shows the top of the aquifer falling toward the east- and 
north. Wells 23214, 26843 and 26966 indicate top of the St. Peter 
at elevations 448, 462 and 441, respectively (23214 is about half-
mile northwest of BHS, Inc.; 26843 is about a mile west and 26966 
about a mile east of BHS, Inc.). Well 27016 with.top of St. Peter 
at 439 ia about one-half mile southwest of the BHS, Inc. site. 

The impact of the operations of BHS, Inc. site on the existing 
water balance as to quantities is not significant. Surface and 
groundwater quality as they may be affected by the BHS, Inc. opera-

pre-tion should be unchanged under the procedures and monitoring 
cautions governing the operation. 

The existing and proposed slopes of the site are of the 
of 3% to 10% and consequently, surface runoff is and will be 

order • 

relativ ' 
' 

rapid with p9or detention of surface flows in the many small depres· 
sions which exist on all natural·or man-made surfaces. The rapid 



~ surface runoff together with the lesser depression storage results 
in smaller amounts of infiltration than would occur in flatter ter
rain. 

~ 

~ 

C. Site Operations 
BHS, Inc. may be considered typical of hazardous waste land

fills insofar as the character of the wastes it aceepts is concerned. 
The following list of accepted wastes excerpted from the daily log 
is representative. 

Mobay-Elemental Sulfur Sludge 
Ashland Chemical - Alkyd Resins 
Monsanto - Arsenic Tri~ulfide 
Western Environmental - Orthochlorophenol 
Rohm & Haas - Kelthane Pesticide 
PCB Sludge (Concentration below EPA approval threshold) 

Petrolite - Acylated Polymers. 
An excellent manifest system has been in operation ~ince 1977. 
BHS, Inc. is actively seeking more wastes and expects to be in 
business at this site for another twenty to twenty~five years. 

The facility disposes of both bulk and drums, dry residues and 
sludge. Sludge must be at least 25% solids. A sludge evaporation 
pad is not utilized. Bulk liquids are not accepted. BHS, Inc. 
requires that generators warrant their waste composition. For 
drummed wastes, three drums per load are inspected. A chemical 
screening test is employeed for bulk and drummed waste verification 
which utilizes the following parameters: 

Visual Inspection 
% Volitals @ lOOC & 600C 
pH 
Specific Gravity 

As far as incoming volume is concerned, HBS, Inc. may be con
sidered a relatively small operation. Their volume history is 
shown below. 

Present 
erials. 

1978 - 16,000 Drums 
1979 - 20,000 Drums; 6,200 cu. yds. Bulk 
1980 (Feb. - Sept.) - 11,000 Drums; 8,000 cu. yds. Bulk 

tipping fees are $21 per drum and $37.10/yd for bulk mat-
- -

Both of these fees are _quite low by national standards. 



• A waste quantity report is_submitted to the state monthly. 
Waste disposition is currently taking place entirely within 

a 12-acre area surrounded by a chain lin~ three-strand barbed 
wire fence. An electrically controlled gate is utilized which is 
open only during entrance or exit of vehicles. A watchman for 
after-hours security is not employed, nor has a scale been installed. 
An adequate =mployee shed has been constructed with hot water showers. 
Water for this shower is obtained from one of the monitoring wells 
on-site. 

BHS, Inc. utilizes the trench metho·l for disposal. Drums are 
surrounded by limestone screenings or a~ricultural lime. Initially, 
a drilled cell method was tried in which holes 3-feet in diameter 
and 27-feet deep were drilled and filled with drums. This approach 
has since beeu aban~oned. 

Trenches are excavated and kept open for three different types 
of wastes; organic, alkaline and acidic. Trenches are about 30-feetA 
deep leaving at least 65-feet _of till underneath. A bio-farm is nc~ 
~ployed. In the past, leachate collection was not attempted but 
a first trench taking this approach has just been constructed. If 
any leachate is produced, which is unlikely because of the 2-feet 
of effectively impermeable till placed over the underdrain system, 
it will be pumped to evaporation ponds on-site. Four concrete eva
poration ponds for leachate and contaminated runoff have been 
proposed in the permit application. These will feature removable 
fiberglass covers. Two unlined lagoons are present_ly in use. Run-
off is not now contained and·erosion is· a minor problem. An 

NPDES permit has not been obtained, although an application is 
said to be in process. 

Materials handling at the site is good. An excellent safety 
data sheet is prepared for the site foreman and truck drivers in 
case a spill should occur. A concrete truck washing pad has been 
constructed so truck exteriors can be easily cleaned of hazardous • 
materials. The road leading to the pad is ditched to the lagoons. 

The site hydrologic monitoring system consists of 16 piezometer 
wells, and t~o conventional-wells. One more conventional well is 
planned. Samples are taken every QUarter and nine parameters are 



• Equipment at the site is standard. It includes; a backhoe, 
loader and medium dozer (D6) with sheepsfoot roller. A higlift 
with removable bucket is on order. 

Intermediate and final cover olans are adequate. Each trench 
. . 

is filled to within two feet of the top. This is.filled and com-
pacted over this. A two foot minimum layer is then spread over 
the area by scraper adding further protection. One foot of top soil 
is then placed over this and planted with soil holder; usually grass. 
This provides a bare minumum of seven feet of cover over buried · 
waste. In some instances where the grade is more severe, the cov
er can be as much as ten to twelve feet above the waste. Each 
trench is filled, 2 feet of the effectively impermeable till is 
used as cover material. A further 2 feet of cover will be olaced 
over the site at closure with a maximum slope of 10%. Each 
trench is provided with a coordinating system, both vertically 
and horizontally, should deposited wastes need to be located in 

• the future. 

• 

A closure trust fund has been provided with an initial 
deposit of $15,000. As more land is utilized, $3,300 per acre 
will be added to the fund. A post-closure fund has also been 

. ' 

established in the amount of $2.50 oer drum and $3.75 per cu. yd. 
These figures are based on estimates developed by Mr. Gill. T~ey 

have not as yet been approved bv the Missouri DNR or the EPA. The 
DNR should be the ultimate regulating agency as they are near 
primacy. 

No significant oollution incidents have yet _occurred at 
Bob's Home Service, Inc. hazardous waste landfill. All previous 
Missouri DNR Surveillance Reoorts were insnected. The site was 
closed momentarily by an overzealous DNR official reacting to an 
inaccurate report by a private citizen, but the event was of no 
significance. 

Some discussion is warranted re~ardinr, the Innsbrook vacation 
home community. The community is represented by the Lake Lucerne 
Homeowners Association. This organization brought suit against 
BHS, Inc. durinr. the early stages of the landfill's develooment. 
A countersuit was lodged by BHS, Inc. which was eventually with-



drawn when the initial suit was dropped because of lack of sub
stance. Neve~theless, a $40,000 bond has been provided by BHS, 
to protect the lake. 

• 
Inc. 

A further noteworthy point concerns the former association 
between BHS, Inc. and Chem-Dyne of Hamilton, Ohio. Chem-Dyne and 
BHS, Inc. engaged in a joint venture for a period of one year in 
which Chem-Dyne contributed marketing efforts but were disposed 
of by BHS, Inc. All wastes furnished by Chem-Dvne were first a~
proved by the Missouri DNR before acceptance by BHS, Inc. Because 
of the excellent hydrogeologv at the site, limited time of associ
ation between Chem-Dyne and BBS, Inc., and specific state approval 
for each waste, the Chem-Dyne connection should not be of concern. 

5. SURVEY CONTACTS 
The survey was performed by Dr. Robert H. Smith, P.E. as a 

consultant to ERAS. Dr. Smith visited HBS, Inc. on October 7, 1980. 
The site operation was discussed with Mr. Michael Gill, facility 
manager who conducted Dr. Smith on a thorough inspe~tion. 

Mr. Denis Degner, of the EPA Region 7 (Kansas City)Notifica
tion Section was contacted regarding current compliance of BHS, Inc. 
with RCRA notification regulations. BHS, Inc. has notified and is 
in compliance. 

Mr. Kevin Brown, regional inspector for the DNR in St. Louis 
was contacted for his opinion. Mr. Brown expressed satisfaction 
regarding the site, noting its thick strata of effectively imper
meable clay and the many monitoring wells surrounding the facility. 

• • 

• 
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TABLE 1 

• Plasticity and Cation Exchange of Fine Soils 

test Soil Air-Dried 0\•en-Dried 

~ De~th 1b PL Class i!i l'foisture me/lOOsms me/100gms 

23+00 35' 32 18 CL 7.8 1.5 13.5 13.7 
0+20 

23+00 50' 27 18 CL 8.0 0.6 9.0 9.1 
0+20 

23+00 65' 26 16 CL 8.0 o.s 7.9 7.9 
0+20 

21+45 35' 25 13 CL 8.0 o. 7 8.9 9.0 
N+70 

21+45 50' 24 15 CL 8.1 o.s 8.4 8.4 
lH-70 

21+45 65' 25 17 CL 8.1 0.6 7.4 7.4 
N+70 
20+20 45' 41 21 CL 7.6 0.8 1Q.9 11.0 
N+80 

20+20 50' 30 18 CL 7.9 0.7 9.8 9.9 
N+80 

• 20+20 65' 23 15 CL 7.9 0.5 7.7 7.7 
N+80 

TABLE 2 
Shelby Tube Sample~ 

Test Density Meisture Content 
Hole Depth 1bs/cu.ft. Percent 

23+00 35-37' . 119.9 14.8 
0+20 

23+00 45-47' 113.6 18.6 
0+20 

23+00 55-57 1 120.0 15.6. 
0+20 

21+45 35-37' 118.4 16.2 
N+70 

21+45 55-57' 121.5 15.9 
N+70 

20+20 35-37' 117.2 16.1 
N+80 

20+20 45-47' 101.8 24.9 • N+80 

...__ RE IT% I. .JINS, INC •. --------------------------' 
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TABLE 3 - PERMEABILITY 

Test 
Hole Depth Permeabi1iti em/sec. 

21+45 55-57' 5.4 X 10 -9 

N+70 

21+45 55-57' 7.7 X 10 -9 

N+70 

20+20 45-47' 20.0 X 10 -9 

N+80 

29+10 65-67' 10.0 X 10 -9 

1+80 

29+10 65-67' -9 5.8 X 10 
I+80 .. 

29+10 65-67' 
-9 2.6 X 10 

1+80 

16+35 35-37' 5.6 X 10-9 ., 
. ' 

£+55 . . . .... ·- ......... 
-9 0::: ••• 

10+65 45-47' 13.0 ~ 10 
Qt70 

10+65 45-47' 5.0 X 10-9 

Qt70 
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larlua 
IUD, 5-day 

C:.d•h• 

Cobalt 

Chr-l.a 
CUD 

Iron 

Cyanld• 
•tckel 
t..ad 

PtMtnul 

Fluorld• 
pH 

SulCate 
Zinc 
Sllvu 

Copper 

Mercury 

Selenlu• 
Tla 

TABLE 4 - WATER QUALITY BACKGROUND DATA 

l'nlt ... 
ppb ,. 
ppb 

ppb 

ppb 

PP• 
ppb 
,,. 
ppb 

ppb 

ppb 
,,. 
pH 

,,. 
ppb 

ppb 

ppb 

ppb 

ppb 

PP• 
-PC 

Well "H" 
4/11/77 6/1/77 

l"· 
1120. 

7.oa 
6.U 

126. 

70.1 

1.9) 

620. 

0.0110 

298. 

6S6. 

S.60 

0.461 

7.20 

1110. 

220. 

104. 

SS.l 

7.34 

461. 

2330. 

1.70 

0.292 

7.20 

1220. 

222. 

1.31 

w,.,, ...... 
4/11/77 h/8/77 

I .4J 

2. )4 

zoo. 

26.1 

6.10 
u ..... 

7.:.10 

1110. 

770. 

't!.'' 

40.J 
1490. 

27). 

4.9(1 

0 • • 'bl 

7.00 

1120. 

1060. 

8.82 

Sa•pllna l't. "F." 
4/11/77 •18/77 

..... ., 
;,Oft 

2911. 

190. 

8.25 

7.10 

u. )bft 

7.81) 

6b.6 

114 • 

4.19 

n.s 
411. 

1.~0 

o. 1¥~ 
7.00 

~3.2 

F.PA 
llrtnldniC 

Wt'll "Z" W11t .. r !ltd•• 
4/11/77 In ppa 

. ..... 
1.1'1 

o.o~o 

i.too 

67.7 
2)0. 

II. II'• ... , 
o.oa 

o.os 

........ 4 

n.os 

0.002 
0.1)1 

•

P•c. Conduce._ 
it race 

'\CANO-PHOIPIIATI 
ppa 

z.zo 
O.l:JO 

z.os 2.14 

0.270 
l4l. O.J71 . Sol. 

0.310 10 

.niMC ppa 

Dla&ICiftOft ,,_ 

Dlaulfocon ppa 

Methyl Parathion pp• 

Malathion PP• 
Parathion PP• 

Thlodan PP• 
Echlon ,,. 

Trtchlon PP• 

PESTICIDES ' PCI 
Llndan• PP• 
"-Ptachlor ,,. 
Aldrta ,,. 

Hapcacblor IPGalda ppa 
DDT (total) ppa 

Dl•ldrtn 

Te••hnl••.al 
Chlordane 

Methoaychlur 

Po1ychlortnued 
llphenyll 

•••h•n• 

•rtn 

PP• 
ppb 

<o.oz 
<o.oz 
<o.oz 
<o.o:: 
<o.o2 
<o.oz 
<o.oz 
<o.oz 
< 0.02 

<o.o2 
<o.oz 
<o.az 
<o.oz 
<o.o2 
< o.oz 

<o.oz 
<o.o2 
<o.o2 
<o.o2 
<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.oz 

<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.oz 

< o.o:.1 <o.ol 
<o.1o 

<o.u <o.u 

<o.oz 
<o.o2 

< 0.10 

<o.oz 
<o.o2 
<o.oz 
<o.o2 
<0.02 
<o.o2 
<o.oz 
<o.o2 
<o.o2 

<o.o: 
<o.o:. 
<o.oz 
<o.oz 
<o.oz 
<o.o;: 

<n.o:: 

<o.u 

<o.o2 
<o.o2 
<o.o2 
<O.O:! 

<0.02 

<0.02 

<0.02 

<1).02 

<o.o: 

<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.o2 

<<~.11:! 

<o.lo 

<o.u 
<o.Jo 

<o.oz 
<o.oz 
<o.oz 
<n.oz 
<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.o: 

<o.o..' 
<o.oz 
<o.oz 
<o.oz 
<o.oz 
<o.o:: 

<:1.11; 

<o.o2 
<o.o2 

Well "!(' h 110ntcorlna vall at aoutheuc rernt~r o(cAr•a No. 1. 

<o.oz 
<o.oz 
<o.oz 
<n.oz 
<o.oz 
<o.oz 
<o.oz 
<o.o: 
<o.o2 

<o.oz 
<o.oz 
<o.o2 
<o.oz 
<n~o: 

<o.o2 

<u.o;: 
<o.Jo 

<o.u 
<o.lo 

<o.o2 
<o.o: 
<o.o:: 
< 11.1):! 

<i'I.02 
<~·02 
<o.oz 
<0.02 

<o.o: 

<o.o:
<o.u;: 
<o.oz 
<o.oz 
<o.u: 
<o.o: 

< ~.1)2 
<o.o2 

\leU "0" II olcl veu. UO fee·c Iouth of aouctw .. r rornttr M Aru ,.o, 1. . 
Well "Z" Sa vell u Zykan rutdanca, near norchw .. t. rorner of Zykan Far.. 
hDPUna Polnc "I" 11 near the eouthveu corner "' 7ykan Fara vhare ~r••k leav .. proprrty. 

a.pc • Mllliaho•I~•R•I••••• •• ~~o, 



TABLE 5 .. - QUARTERLY TEST PARAMETERS 
##2282 

MID-MISSOURI TESTING LABORATORY··· • l•l 1 l liM INA TIONS r.tA(;( IN IV' . JII(JA14CL WI I It AWWA ·· WI'CI • AI'IU. !o T Al•llAniJ M( lltt)OS 

r.:.oG NICHOlS COLUMOIA, MO 65701 314/442.0237 

D~•l e : s~ pl t•mbc r 1 ~ , 1 ~HO 

CliC'nt: Hob's lloml' Scrvi~·· 

Date Received: September 3, 1980 

S.:11::pl~ Colll:ctcd By: Nid-Missouri Tcstirh.; l.alw•·:Jtory 

St\'11'1 F .. 
---------------- r-

---~]--- -
\-k 1 ~ '•kll Wt'll w.;,•ll '~"' 1 

I \~l' I 1 
Date 

Par;tr.tcter Analyzed 
/rJ II) 1/b i/7 II~ /19 

-. 
pH b.H 6.7 6.5 6.6 6.6 6.5 9/4/80 ---·. --·-----6-·--·- --·-··-· 1-· -·-· .. 
Redox Pol t·Jal i :Jl Mij_l i V.!_?l t !~ 434 404 414 414 424 414 9/4/80 ----·-
Specif.ic.: C L• ncl uc t j vi t y ;111'1hO~ 2950 1750 1600 1600 2550 2450 9/~ 
COD m~u.__ 10 <4 <4 0 13 -.4 9/5/ --
Ch1oriuc ;nl,! J l 14.0 1_1_3 .. 5 14.0 17.0 13.5 9.5 9/5/8~ • 
Total Ha rdrll'!'-S mg/1 as C;.-1CO. 2200 1150 1030 1100 1840 l800 9/4/80 

I 
- --· _, 

Total lrur. mg/1 14.4 9.55 1.62 1.01 3.21 4.25 9/9/80 ---
Toe ~• J ArsL·Ili c.: a~g/1 <l4 <14 d4 I ..:14 ·d4 14 9/12/80 I 

"J l)(. Ill~. J ) 30.H 42.1 26.9 43.6 14.9 2~.3 9/4/tJO 
.. 

1---- ··---····--~ ----- -·-· ;-----
.,.. ____ 

,--·--- ~----·--I· 

·----······-· ---··-···· --····-·-· -··-- -- ·- ·-··-·- --·-
t--··--···-----·- ·-·-·---·· . -·- - ......... -- . ·--- - --· --··- ~- -··- - ----· --
1-··---- .. ··- -- ·-·· ....... ··-··- ··- ........•.... ····--· .. --.. ·-·-· ...; .... -··--I· ... - •. -- 1·-· ·----- -

1--·- ----· ---····-----·-· ··--··· --·--· -·--· ·- ·-· ---·-
I ·-- --. ---- ---- .. ·--·-· -r·-·---·-- t--· -·-- i-- ·--·--· 1-·--·--

1---·-----· --- ··- -·-··--··-·-·-···---- --
L. ------··-·-··--· ·- ·- --·- -

' I .\ I"'' ••t •11 J •. , ,, , n A ... ~ • ... .. /1, r J l ~" "' 1 A. 
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MID-MISSOURI TESTING LABORATORY 
01111\WIHATIOHS ... AOI '" ACCOROAHCI WitH AWWA - M'Cf •. APIIA STA,.OAAO "(TatOOS 

.00 NICHOLS COLUMOIA, MO OS201 214/442.0227' 

Date: July' Q, 1480 

Client: Reitz 6 Jcu!' (Bob's llomt! Sc•rvic:c) 

Date Received: .ham• 1 2 , l 11:i0 

Sample Collected By: •ut~-•tissourl Tc•:•Lius~ l.;aboratury 

S~MPLE . -. 
Date 

Parameter Wc-11 Wc•ll Wt•ll W('ll \-1(.•11 Wc• ll Analyz• 
1/3 #5 #6 111 /Ia //9 

(m~/1 N) 
. 

Nf trate 3.2 0.3 0.6 0.3 0.2 0.4 7/2 

Sulfat• (m~d 1) 2200 650 700 5.50 122.5 1200 7/3 

Fluoridt' (ml!./1) ~.2 <o.2 ~.2 ~0.2 <o.2 <o.2 7/8 

CvanidP (ml'/1) * <.002 ~.002 !,.002 <.oo2 ~.002 7/9 

Arsenic (m~/1) 0.177 ~.(ll4 <.ot4 !,.014 0 !,.014 ~-014 7/3 

Barium (mr,/1) ~0.1 ~:1 ~-l ~0.1 ~0.1 ~0.1 6/23 

Cildmium (m~/1) "' ~0.01 ~.01 ~.01 ~0.01. ~0.01 ~0.01 6/23 

Chrumium 1 ~ (mg/1) ~.002 ~-002 ~.002 !-~2 ~.002 ~.002 7/7 

Total Chtomium. (mg/1) ~.··.02 ~O.tl2 !.0.02 ~0.02 ~U.02 ~0.02 6/20 

Coppn (m~/1) ~().01 ~0.01 .::o.ot ~.OJ ;:o .lll ~-01 ·~:. :: 6/20 ... 
Lud (mg/1) ~.l ~-1 !a. t ~··· ~-1 . ~ .r ·:.+.~· ~~o.1

6/2S 

Hangilnese (m~/1) 0.16 lo.88 t.Q9 0.33 0.10 p. 72···iif ·.·.;.o·V7/2 
' ....... !fl., 

Hl.'rcury (mg/1) ~.001 .m>2 ~.()OJ ~.ooi ~.001 ~-001 .·i ~:. 6/30 

Nickel (mJt/0 ~.02 ~-02 ~).02 ~0.02 ~0.02 ~0.02 6/23 

Selenium (m~/1) * ~.002 ~.002 ~-002 .::..002 1!--002 7/7 

Silver ( tnd 1) ~0.01 ::.n.n1 -=n.na <.il.(ll ::.o .ul :O.ua 6/23 
·-

l. j II(' ( 1111:/1 ,I 
u .o•, '· I o 11,(1;-\ ) • 2'• u.u7 , .n•• b/2J 

-
Comments: 1. ~ me.1us less tla;m or c•qu;ll t(• tlw l••w••r clc•Lectinn limits of an:~lytical 

equipm\.'nt.. 

2. All metals nr~ "total" c:oi\C'cntr;~t i••ns. 

Quantit)' uf :.;uuplc.• Jn,;ulfi,·lc.•nc. lt• JWI'Ioran test • 

Approved 
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MID·MlSSOURI TESTING LABORATORY 
DITIAWIHATIONS .t'AOl ltf ACCO"DAHCl WITH AWWA - WICf • A'JIA STANOA"O WUHOOS 

101 HICHOU COI.U~OIA, MO OUOI 

Date: Jvly ·9, 1980 

Client: Reitz & Jt•ns (Bob's 11om&.• Servh:c) 

Date Received: June 12, 19tlO 

Sample Collected By: Hl()-t-Us,;ouri TcstfnH L~bor:atory 

.· SAMPLE 4 

, . 
. . . 

.. Parameter Wa•ll IW··ll Well 
#5 l#h #7 

. 
BHC <4.0 <4.0 <4.0 

a BIIC <4.0 <4.0 <'4.0 

8 DlfC <4.0 ~4 ,(\ <~• .n 
Y BliC <4.0 <-t, • (} ""- .o . 
0 DllC <4.0 <4 .n <4.0 

:chlordane <g.() <9'.0 <&). 0 

llept~chlor ' <4.0 '4.\l '4.0 

llept01ch.lor Epoxide <].(l <7 .o <7 .o 

Q Ch~~d01ne <9.0 <9.0 <&J.o 

B Chlordnne <9.0 '9.0 <cJ .o 
Tech Chlordane <23 1<23 <23 

Dieldrin • Aldrin <10 
1<to .-;:J() 

Aldrin [<5.0 l<s.o <5.0 

Dieldrin 1<10 l<tn <au 

DDT + Metabolites ~50 IO:,SO ·:.so 

o,p'-DOE ~J() '0:JO <w 

. . .,;.)·'·:~£~~. 4.~"!..1'· 
·. . "q4\fl· .... ~·. :7: ·~····· . 

• 

-Date 
Analy:cc 

7/8 

7/8 

7 

1/ ,., 
7/& " 
7/8 .., 

1i8 

7/8 

7/8 

7/8 

7/8 
. 1/8 . 

7/8 

7/8 

7/8 

7/8 

Comments: 1. Results nrc (:Xprcsscd ;u n;mo,;rmn!iilit,•r. 
2. < me~ns lower th~n the lowt•st dctc<'tfun limit of :millyticnl. equipment ••. 
J. Pcsticiuc, chlorin01tcd h)·wncilrbon, I'CU nMlysfs IJy ADC Lnboratorles, 1 

Columbi01, Missouri. 

, r 

.6. ............... _ ... ' 
/t.A .. ~-_d_A ... 



MID-MISSOURI TESTING LABORATORY 
011lftWIHATIC)f4S_.t'A01 If. ~CCOAOAHCI Wllff AWWA • W~t:' • A~ltA SJAHOAAD MllttOOS 

• too NICHOLS CO\.UMDIA, MO 0~201 

Date: July 9, 1980 

Client: Rritz & Jens (Bob's Uoanc Sl•rvin•) 

Date Received: .lunr 12, I'JHO 

·Sample Collccta:d By: Hid-Missouri 1'cst.hlf~ t.:tbClr:ltory 

.· • , . 
. . Date . . . 

Parameter Well Wt' ll Well Analyze 
115 #6 #7 . 

p,p'-DDE 
. 

7/8 < 10 <10 <10 

o ,p '-l>Dl' <.50 < 5() < 'i() 7/8 

IP ,p '-1>00 <50 < ';() < ')U 1/R 

p,p'-DDT <50 <50 <50 7/8 

• Endrin < 28 < 28 < 28 7/8 

lleptachlor < 4~() < 4'.o < 4 .n 7/8 

lleplachlor t:poxid.c < 7 .o < 7 .o. < 7 .o 7/8 
l.i ndane .. < 4.0 < 4.0 < 4.0 7/8 

Mt>thoxycftllor < J 20 - < 120 < 120 7/8 

Toxilphen_&: < )()() < 300 < ](}() . ~/8 

PCB < 21t0 < 240 <. 21tO 7/8 

Aroclor 1242 < 240 < 240 < :l40 
.~ . 7/8 . 

Aro<lor 1016 < 240 < 240 '240 7/8 

Aroclor 1254 < 240 ~ 240 ~ 240 7/8 

Aroclor 1~60 I< 240 ~ 240 < 240 . 7/8 

liC& :.It .n : '• .n r- '•·n 7/8 

Hi n·x ~ :t:~. 1:' ·n 7/8 -
Cunvn~n t ~: 1. Results ~re expressed ilS n:~noKr:tms/litcr. 

2. < mc:.n!; lower than till' lowest d('trnion limit of ;tnalyticnl equipment. 
3. Pesticide, dllol"ino.~tt>l.l l·.y"roc·.ulH>n, I'CI\ ,, ... ,lysis IJy AUC L."ll>oratorles, Inc. 

Columl>i<t, Missnurl. /IAfoio ~ ,,1111 .,u. -; .~ ..... , ..,.,.£.t 

• a to 
_, 

•. 



LABORATORY TESTING MID-MISSOURI • OltlAMIHATIOHS ¥A0l I" loCCOAOAACI WITH A'IIWA - WPCI • A"tA STANDAAO .. UUODS 

f,OI NICHOU C:OLUMOIA. MO GUO I 

Date: July·9, 1980 

Client: N~itz & J«.•ns (Dub':> ll•nnc Scrvic:c.') 

Date Received: July 12, J9KO 

Sample Collect~d By: ~liu-~lh:wurl 1'••sr 1111~ l .. alu,ralt'f)' 

SAMPlE .... 

Parameter Well \o/(' 11 W€'11 Well Wdl Wdl ·Date 
Analyze 

61 us 66 61 1/8 #9 

oil 
. 

7.2 16.7 6_. 7 6.8 6.6 6.6 6/12 

Rt'dox Pott'nti:tl (millivolts) 409 1 409 414 4o:. 389 384 7/3 

Sawdffc Cunductfvitv (~tnholli) 2200 11300 1450 I 150 1900 1700 

~ TOC Cmc./1) * 113.1 3_2 .4 20.9 \6. I 22.5 

con (ml!/1) 36 16 14 18 l .i4 10 

' ( m,:t/1 Ca CO]) 
.. 

Total llardnt-ss 2020 J\,38 1176 931 2010 784 7/2 , 
CJ.lorid~ (mg/l) ' 25.0 13.5 12.0 20.S 13.5 7.0 6/18 

Total Iron (m~/l) 1 ... ' 3.2U 1.80 I.On ~.02 7.40 7/3 

\ 

BODs (mg/l) * 2 l 2 1 2 6/12 

Suspend<'d Solids (m!Jt l) * 184 81 202 277 lqn 7/1 

TUS (mg/1) * 1682 1746 1304 ~8'11 '~'•37 .. 7/1 

Turbidilv (TU) CJH 129 22 IRCl . 11t lt)U 7,'1 

Exl rae Lab le Oi 1 (mK/1) -:.· i7 ') ·- '• .(l i'•·li ~.H ,1 :H b/24 

Fec~l Coliforru.(#lOO ml) * ~ <I ~· 
•:j ~ . 6/12 

1-

Alkal1nil)' (mf~/1) c .. co, )')C• I'JR9 '•07 i'•U6 !tl2 t• .,.. 6/24 
.... 

J•lu·m•l ( uu: /I ) 
<.lllll I'· .on 1 • .• UUI ; .UOI :=.out .• tK) I 1/1 --· ---

t:uuJ: •• •uts: 1. ~ llll'illl:o 1,•:::; than l'l" I'CJII·d IU ,, ... lnw•·r clc•h•c r ..... litnll sot auaLytlcal 
equlpm«.•nl. 

2. All mclals art.> .. total" c'Gnt:«.•ntr.1lltllll't. 
. ... _ "~·.--.• 

. .. 
1r Quautity ol s.1mplc insullidcnl to rf'rform t~st. .-· .. ···I 

. • • 4 

Approved 
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• 
I. INTRODUCTION 

Bob's Home Service, Inc. (BHS') is a solid waste management firm 
which operates a chemical landfill disposal facility in the Wright 
City, Missouri area. Wright City is approximately 35 miles west of. 

st. Louis on Interstate 70. 
BHS is seeking to obtain Environmental Impairment Liability insur

ance (•EtL•) coverage for its chemical landfill operations. As a con
dition of granting such insurance, underwriters have required BHS to 
retain Environmental Risk Assessment Service (USA), Ltd. ( •ERAS•) to 
perform a survey of the operations and to prepare a report summarizing 
the risks of environmental liability assoicated with the activities. 
ERAS had surveyed this facility in October, 1980 and submitted a final 
report of the survey observations dated December 11, 1980. The survey 
bad been performed in anticipation that BHS would obtain the EIL in
surance at that time. This report is based in part upon information 
and observations contained in the previous ERAS ~eport, and upon~ 
further·data obtained from conversation with BHS representatives. · J 

The risk rating given by ERAS in this and sirllilar reports is based 
on the following factors: 

A) The nature and quantiti£s of the materials handled, in 
particular the potential for damage to health (of human, 
animal, or plant life) or property if releases to the 
environment were to occur. 

B) The degree of control exercised in materials processing, 
handling, and storage •. 

C) •rhe adequacy of controls on the treatment of waste streams 

released to the environment. 
D) The amount of management attention given to matters of envi

ronmental concern. 
E) The location of the insured's operations relative to possible 

damage targets. 
The evaluation is largely qualitative and is given Qn a verbal. 

scale from very high to very low risks. 
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2. DISCLAIMER 

The material that follows is furnish~d pursuant to an express '1 
agreement that the ERAS study and report are made for the benefit of 

both DHS and the potential insur...:rs and that ERAS is free to info..-m 

the potential insurers of any information relevant to the evaluation 

of the potential risk coming to its attention in the course of the 

survey or preparation for it. It is further understoOd and agreed 

that ERAS accepts no liability to the potential insured, insure"·s, 

reinsurers, or others for any losses sustained by BHS as a result of 

any denial of any insurance based on the survey or report. 

Factual information has been obtained from BHS's personnel and has 

be~n assumed to be correct and complete by ERAS. A draft of this 

report has been reviewed by BHS. 

3. RISK ASSESSMENT 

The manufacture/operation of hazardous waste landfills, taken as a 

composite class-, represents a risk of environmental impairment that is 

much greater (i.e. much more hazaa:dous) than aver~ge, compared with 

all other coanmercial and industrial activities. Within this class o.t 

activities, BHS's operations represent a risk of environmental impair

ment that is below (that is less hazardous) then average compared with 

other similar operations. 

Factors which affected this favorable risk rating are as follows: 

A) The nature of the site • s hydrogeology and its remote 

location, 

B) the high !Gvel of environmental management and state-of-the-

art technologies displayed by BHS; 

C) site improvements being implemented in· order to achieve 

authorization of BHS's new operating permit, and, 

D) BHS is the transporter for 90 percent of the waste it 

landfills. 

BHS was required by the State of Missouri to accept flood debris from 

Times Beach, MO, a town in which some areas are highly contaminated 

with dioxin. The flood debris itself is non-hazardous according to 

test results. Regardless, county residents, after losing an injunc

tion to halt the disposal of Times Beach debris at BHS, are now seek-

ing to withdraw BHS' operating permit. The risk of environmental -



• impairment or personal injut:y resulting from the disposal of these 

wastes appears low. However, the extent of negative publicity could 

result in ElL claims. For this reason, ERAS expresses a high deg 1.·eo 

of concern about the possibility of claims resulting from BUS' accep

tance and disposal of the Times Beach, MO flood d·ebr is. 

4. OPERATIONS 

BHS lies in a basically rural arec.i in ·Hickory Grove, Missouri. A 

part-time vacation home community with a man-made lake lies about l/2 

mile southwest of the site, four to five residences are located on the 

access roc1d west of the $ite. Two small streams exist on site. As 

discussed in greater detail in the previous summary report, the site 

is located over a very dense, impermeable (permeability a 2-20 x 10-9 

em/sec) clay. The clay layer is in excess of 100 feet at this site. 

The St. Peter's aquifer, which is the only one of substantial size in 

the a reel, is encountered at depths of greater than 300 feet. Bit~ 

obtains water from this aquifer at a depth of 400 feet as do two othe.-. 
local resiclents. Other houses dt·aw water from a ~epth of 250-JOO.....,. 

feet. ) 

Laverne Zykan owns th~ land and is the principle stockholdea: in 

BHS. The site occupies 158 acres on which 15 are permitted to receiv~ 

hazardous wastes. Its EPA identification code is MAD068521228. As 

the 15 acres reach capacity, plant management hopes to expand its 

operations to utilize the remc11n1ng acreages foe waste .disposal. 

Three unlined lagoons exist on-site. 

Mr. Michael Gill, BHS' facility manager, is responsible for envi-

ronmental affairs. BHS has established· a closure and post-closure 

trust fund for the site. The fund contains $230,000 dollars. 

BHS is the only permitted hazardous waste landfill in Missouri. 

It accepts drummed and bulk dry residues and sludges. The sludges 

must be greater than 25 percent solids, and contain less than 5 

perctotnt organic liquids. No radioactive, bulk liquids, PCB (greater: 

than SO ppm), ignitable, reactive, or volatile wastes are accepted •• 
As a prerequisite of accepting the waste, BitS requires the wast 

generator to provide a one-tiu\e description of the waste stream. 
Information suc;:h as percent organic matter, pesticide analysis, and 

health-related data is required.· The waste generator gives BHS a 
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copy of the registration filed with the State of Missouri; bHS also 
receives a permit to accept ~he waste from the state for every custom

er's individual waste stream. 

Ninety percent of the wa~te disposuu of at BHS is hauled by BH~ 

employees. The remaining wastes are generally spill clean-up mater-

ials which are hauled by other contractors. BHS performs some· 

standard analyses at the site (pH, percent volatiles) and visually 
inspects the waste. BHS' trucks are tractor ta:ailer and roll-on box 

types. No tank trucks are used. 

As indicated earlier, 15 acres of the site are permitted for 
hazardous and industrial waste disposed. About 1 to 2 acres remain 

unused, the estimated time to fill this remaining acreage is 2 years. 

BHS's trench system has been re-designed since the last survey in 

which it was observed that three trenches were excavated and kept open 

for receipt of organic, acidic and basic wastes respectively. Pres

ently, a progressive trench system is used. Corrosive wastes are kept 
separated in the trench by cells constructed with !I minimum of one 
foot of clay on the-top and bottom, and three feet on the sides. The 

trenches are 37 feet deep at one e.nd and 47 feet at the other; a 

gravel blanket drain and a 3 percent slope at the trench bottom 

facilitates collection of leachate. The leachate is pumped to an 

unlined holding lagoon. While not physically hazardous as determined 

by testing, the leachate, by regulatory definition must be handled as 

a hazardous waste. The leachate quality is periodically tested; BHS 

is required to submit data on leachate volumes collected and quality. 

Sawdust is mixed with the leachate from the lagoon and placed into the 

facility solid waste trenches. In 1980 about ·so,ooo gallons of 

leachate were collected. 
BHS was issued a new operating/construction permit on December 22, 

1982 (the State of Missouri 1122282-001). Before BHS is authorized to 
operate under the new per1nit, it must complete a number of site 

improvements which it and the State agreed upon during the perait 
negotiations. During this period, BHS is operating under a variance 
granted by the State. 

Among-the items requested were improve10ents to the on-site surface 
impoundments, _and installation of: additional ground water monitoring 

l 



systems. With regard to monitoring, the previous ERAS report 
indicated that the monitoring system consisted of 16 piezometers and 
two conventional wells. In the proposed system, the piezometers will 
be eliminated. Groundwater monitoring will be accomplished by us~ of 
four 125-175 foot deep wells drilled to a sand seam. Surface water 

monitoring will occur at five locations including Lake Lucerne, a man 
made impoundment associated with a nearby vdcation community. The 

firm currently samples groundwater quality parameters (chloride, iron, 
Mn, phenols, Na, and so

4
) annually and groundwater contamination 

parameters (pH, specific condustance, TOC, and total organic halogen) 
semi-annually. 'l'h is frequency is in accordance with the RCRA 
regulations. BHS submitted its data for March, May, September, and 
December of 1982. The data appears consistent, levels for dissolved 
heavy metals in the piezometer wells are very low, generally less than 

• 

10 ppb. Individual pesticides and PCB concentrations were below 
detection limits, the highest of which was 15 ppb. BHS is completing A 
sand filled monitoring. trenches on the complete east side of the.,. 
facility and on half of the south side. These trenches will be dug 2 ) 
feet deeper than the deepest point in the disposal trenches, and will 
be 30 inches wide. Collected groundwater wil~ flow to a sump from 
where it will be pumped to the surface for testing and tht:n to the 

leachate holding surface impoundment. 
BHS keeps records of three-dimensional coordinates of waste place

ment within the disposal trenches. It uses an infrared computer in 
the field to determine the location coordinates. The. state receives a 

copy of the waste inventory within each disposal cell. 
Of the three on-.site unlined surface impou11dments, one is · a 

holding lagoon for collected leachate, the leachate is mixed with 
sawdust and disposed of in the waste trenches. BHS submitted leachate 

quality monitoring data obtained in October, 1982. Nickel was present 
in the highest concentrations (0.2 ppm): all pesticide concentrations 

were below detection limits (10 ppm or less). • 
One impoundment receives wash water from truck washing operations 

and precipitation runoff which ·may have contacted waste materials. 
The wash water -is teste4 for h-azardousness, if it is non-hazardous it 
is released to holding lagoon 13. Its contents are spray irrigated on 
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site. BHS plans to handle this discharge in the future by releasing 

it to the metropolitan sewer _system. BHS is not required to obtain an 

NPDES permit for current activities. 

According to Mr. John Doyle of the State of Missouri DepartJnent ot 

Natural Resources, BHS • new permit requires that the leachate and 

truck wash surface impoundments be upgraded as a condition of permit 

authorization. The old lagoons will be drained and filled in. The 

reconstructed lagoons are required to be equipped with a leachate 

collection system and a clay liner. 

In December-January of this year, a flood in dioxin-contaminated 

Times Beach, Missouri caused the accumulation of large quantities of 

debris. At the order of the state, this material was sent to BHS (Sec 
Appendix A) for disposal. The State of Missouri agreed to accept any 

liability associated with disposal of the flood debris at BHS, and 

agreed to assume all debris excavation and removal costs, should any 

occur in the future. 

As a result of the State Directive, the County of Warren and its 

citizens filed an injunction against BHS to prevent it from accepting 

the waste, the State intervened and became a co-defendent. The court 

required the county to post a $75,000 bond to halt the disposal, the 
' 

county could not raise the money and the injunction was dropped. The 

debris analysis showed no detectable levels of dioxin. The citizens 

of the county have now filed an appeal to the court to have BHS' 

operation permit revoked. 

S. SURVEY ACTIVITIES 

Ms. Leslie Nelken of ERAS contacted Mr. Michael Gill, facility 

manager via telephone ( 314-745--3158) on February 9·, 1983. Mr. Gill, 

who also provided input for the previous survey report, was well 

versed with the site's operations, environmental regulations, and the 

facility • s current status with regard to permits and environmental 

projects. As indicated earlier, to Mr. Gill's knowledge ttiere is no 

pending or current environJDental litigation facing BHS~ with the 
exception of the neighbors' appeal to revoke the site's operating 
permit. An injunction filed earlier has since been. wlthdrawn (see 

l 

Section 4). . .. 
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• Hr. John Doyle (314-751-3241) of th~ Missouri Department of 

Natural Resources, Waste Management Program,was contacted on February 

16, 1983. Mr. DOyle indicated that the State issued UHS a new 
operating permit on December 22, l982J however, prior to authorizing 

the permit, construction changes to the facility specified by the 
State must be completed, inspected and authorized. These changes 

include additions to the groundwater monitoring system and upgrading 

of two on-site surface impoundments. BHS has agreed to these 

improvements and is working toward their completion. 

Mr. Doyle stated that BHS has submitted its groundwater monitoring 
data to the state in a timely manner. In two instances, arsenic and 
TOC levels in the groundwater were thought to be high J however, 

additional testing found these levels to be comparable to backgrouna 
levels. 

Mr. Doyle rated BHS as a firm in which continue4 improvement of 

site operations, professional management, and state-of-the-art tech. 

niques is evident. The firm displays a cooperative ~ttitude with th~ 

regulatory agency. ) 

• 
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BOB'S HOME SERVICE. INC. 

APPENDIX A 

LETTER FROM STATE OF MISSOURI ORDERING 

BHS TO ACCEPT TIMES BEACII. MO FLOOD DEBRIS 

' 
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• January 5, 1983 

Michael Gill 
Site Manaaer 
I.H.S. lac. 
lnduatrtal Vaate Landfill 
Route 1, lox 116P 
Wri&ht City, MO 63390 

Dear Ill". Cill: 

Thia letter ia to confi~ the reaulta of the diacuaaion and the aare ... nta 
which have been reached by •Y Depart .. nt with you, aa herein aet forth. 

Due to the floodiq of TiMa Beach, Miaaourl, and the potential conta.
inatloa cauaed by the 2-3-7·1 TCDD conta.inated aoil, a potential and 
.. jor health hazard baa ariaen and the Governor by executive order 
nuaber 82-24 baa declared a atate of e.eraeacy and baa directed thia 

• 

DepartMnt to take appropriate action. Purauant to the provialona of tp 
law due to the ... raency and in accordance with the Governor'• 
executive order, the Departaent is hereby requeatina and directina 
I.H.S Inc. to diapoae of varioua flood debria froa the Ttaea Beach ·: • 
area, excludtna any 2-l-7-8 TCDD cont•inated aotl. ,., 

In thla reaard the State and thia Depart.ent aaree to tbe follovina te~: . 

1. The State of Miaaouri and the Depart•nt of Natural leaourcea 
repreaHt that, to the beat of their ltnovledae, info~tion and · 
belief, auch flood debria and wute ia non-huardou, and not aubject 
to reaulation UDder the teraa and tapleaentina reaulatioaa of the 
leaource CoaaervatiOD and lecovery Act of 1976, the Miaaouri Haaardoua 
Vaate Maaaa--t Act, u _.ed, and the Toxic Subatancea Control Act. 
The State and tbe Departllellt further repreaeat that to the beat of 
their kDDvledae, inforaation and belief, the debria to be diapoaed 
bereunder ia aot cont•inated with 2-3-7-8 TCDD to such an extent aa 
to reaUr the .... a baaardoua waate. 

2. That with rupect to the diapoaal and burial of the vaate provided 
for herein a.a.s Inc. aball aot be required to perfo~ any teat aa 
to the ca.poaition or the nature of the debria and ahall not be 
required to .. intain any .. ntfeat with reaard to the aaae aa ordinarily 
provided under the Haaardoua Waate Manaaeaent Act and rulea. · 

• 
Christopher s. Boncl Governor 
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Michael Gill 
Jaauai'J 5, 1983 
,.,. 2 

l. The State ancl the Departlleat certify ancl represent to the beat of 
their kaovledae. iDforaatioa ancl belief that the diapoaal of such 
clebria by I.R.S. Inc. at ita haaarcloua waste aite will DOt be la 
vtolatioa of any federal, atate or local law. 

4. Since the floocl clebria aacl waste ia not claaatfied aa baurdoua 
UDder the provtaiou of the Haaarioua Wute Hanaa--t Act, I.R.s. lac. 
ahall aot be required to collect or pay to the State the 2 percent 
cliapoaal laadflll tax provided for by Section 260.390(8), RSHo, for 
accepttaa or cliapoataa of thla vaate. 

5. I.R.S. Inc. ia authoriaed to bury and diapoae of aueh vute and 
debrta ia proareaatve fill araa nuaber 5 or in auch other fill area 
in the etta aa aay hereafter be approved. I.R.S. Inc. vill not be 
required to .. et the daily soil requir ... nt reaulation vith reapect 
to thta vaate ualeaa aeceaaary to coatrol oclor or to control the 
blowiD& of debrta. 

6. I.R.s. Inc. ahall aearepte aDd not co-~~iqle or co-clhpoae thla 
vute witb aay hazardous vaate which uy be accepted at the facility 
for a period of 6 ~tha unleaa aooner authoriaecl by tbe.Depart.eat. 
I.R.S. Inc. aball aaintaia at all tiMe recorda u to t._ location of 
the 4iapoaal of thia vaate aDd debria at the aite and aball .. ke thoae 
recorda available to the State and tbe Deparc.ent proaptly upoa requeat. 

7. The State ancl the Departllent qree to perfom 'or cause to be 
perfoniM vttbout expenae to a.a.s. lac. all .aitortna. teattna, 
r_,.al. abat_..t or otber r-.ttal action of whatever aature aa 
.. , be directed, orclere4 or reaaonallly neceeaafJ.in the event it la 
ever cletel'lllaecl by aay aaeacy or court of c_,.tent juriadtctioa that 
the diapoaal of. auch vaate at the aite conatitutu a haurd or aub
ataatial tbr•t to the health of hu.au or to tbe eaviro ... t whether 
the ... ariaea or ia ba ... upoa any acatute or c-.on lav, _i~ludlna 
but not lialtecl to tbe a..ource Conae"atioa ancl lecoveJY Act, -the 
Hlaaourl Solid Vaate Diapoul1faaaa-t Ac:t, ClllC1.A (42 USC aectioa 
9607) aad all eo..oa t.w theoriea of nuiaance and etrict liability. 
fb1a provtalon ahall not be applicable in the event there ia a flaal 
adjuclicatioa that I.R.S. Inc. or ita aaenta, offlcera, or •ployeea 
were nealiaeat, reckleaa or involved ia intentional vronadoina vlth 
reapect to the receipt for diapoaal, aad the diapoul of the vaate 
provided for berela ancl with reapect to the operation of ita facility 
with reaard to thia vaate • 

' 
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IUchul Gill 
JaDUAI'J S, 1983 
paae3 

I. 

8. lf I.R.S. lac. o~ aay of ita aaeata, officera o~ ..,loyeea a~e 
...-d aa a defeadaat o~ ~eapoadent ia Judicial o~ adaiatat~ative 
proceecliDaa, iaatitutecl to binder, prevent, or r..ve tbe diapoaal 
of tbia w.ate ia a.a.s. lac'• atte, or iaatituted to cballeaae the 
iaauaace of a perait to operate a haaardoua vute facility by the 
Depa~tlleat of latural luourcea, tbe appropriate State aaeata aad 
officera, if tbe State or ita aaenta or officer• have not beea aa.ed 
ia that autt, vill requeat tbe State of Mtaaourt to take all aeceaaary 
atepa to iatenene ta tbe auit. Aa a party or aa aa iatenener, tbe 
State will uau.e the p~t.ary lead aDd reapoaaibility for tbe defeaae 
of aay aucb autt or euita • tac:ludina any _,..... or coata incurred 
laut aot 1aclud1aa attomeya' feea. Tbe State vtll do tbia to tbe 
ateat allowe.l by tbe lav and Rule 4 of the rulea of the IUaaouri 
Sup~- Court. llotbina bereia aball be coaati'Ued to prweac, however, 
the State o~ ita aaeaciea froa taktna ~tever actioa it de... aeceaaary 
to eaforce applicable lava or the tena of tbe perait 1D the eveat 
it beliwee tbat auch law or teraa have beea violated by 1.11.1. lac. • 
ita qeata, offtcere of •ployeea. Purtbenore, the State ~eeenee. 
the rtabt to eeek aa adjudication of ita rtahte aad ~eaponeibilittee 
uncle~ tbia qr ..... t. lleither the State no~ aay of ita aaeaciea are 
pr•i•tna to eerve aa the attor..,. or leaal advocate for a.a.s. lac. 
Coaaequeacly, notbina caatataecl in tbie aar.__t ia 1Dteaded to lapoae 
or crMte aoy actionable duty or cauee of acttoa for ••Y claaaae• 
fo~ aealtaeace or .. !practice ia favor of I.R.S. lac., ita aaeate, 
officer• or ..,loyeea a .. 1Dat the State'• leaal office~• or ..,loyeea 
vho UDdertake to perfo~ tbe leaal dutiea aDd reepoaaibilitiea provided 
for 1D tbta peraarapb. 

9. la addtttoa to tbe co•ideratioa hereia provided, tbe DepartMDt 
will CGIIpeDNte I.R.S. lac. for acceptiaa 8IMI diapoeina of the flood 
deb~i• aDd waate aa follow81 

(a) a .tDt.ua charae of $45,000 vhicb will iaclude up to 1000 cubic yarda 
of •-'•CGIIPACted wate aDd, 

(b) for each addttioaal cubic yard, the rate of $40 per cubic yard and, 

(c) cubic yar4aae ehall be deteniaed by the total vol ... of the vaate 
and debria ta place on the aite includtna tbe l feet u( final aoil 
cover over thie vaate. 

• 

• ~ 

• 
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IUcbael Gtll 
January S, 1983 
paae 4 

10. The coutderatton aDCI c_,.....ttoa belna patcl ta aubject to and 
11 coDdtttoaed upon the accuracy of the certtficattoaa and repre1en• 
tatioaa aacle herein. 

Sincerely, 

DIPAI"l'ltlft OF IIATUIAL USOUICBS 

~~ 
Director 

FAt. a pol 

Attoraey General John Aabc:roft approvea thia aar .... nt aa to ita 
leaal fo~ aDd effect aDd certiftea that it biDda the State of 
Htaaourt in ita aovereian capacity • 
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-Final Report 
Health Profile: Hazardous Waste Disposal Facility 

Submitted by: Systems Management Associates 
for: B . H . S . , Inc. 

Wright City, MO 63390 

1. Introduction: As part of the permit issuance process for the 

operation of a hazardous waste site, the Annotated Missouri Statutes [Sec

tion 260.395), requires an operator to: 

(5} Submit with the application for a hazardous 
waste disposal or treatment facility a profile of the 
environmental and economic characteristics of the area 
as required by the commission, including the extent of 
air pollution and ground water contamination; and a 
profile of the health characteristics of the area which 
Identifies all serious illness, the rate of which exceeds 
the state average for such illness, which might be 
attributable to environmental contamination • 

This document accompanies the application of Bob•s Home Service, 

Inc., [B.H.S.] for a permit to operate·a hazardous waste disposal facility 

and is provided to meet the requirements for a health profile as proscribed 

by the law. This document: 

• describes the nature and extent of the health profile for B.H.S. 

consistent with the intent and purpose of the Missouri Statutes 

• outlines the technical and methodological back-up to support the health 

profile structure 

• presents the complete health profile 

While providing a complete general health profile as required, consid

eration was given to specific indices to monitor specific types of waste 

materials deposited by BHS. In addition, data aggregation and analysis 

• must be, and is, specific for the distribution, number, and populations in 

the surrounding areas. Any profile, to satisfy the law, must be technically 
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responsive to these varying characteristics. The definition of areas, level 

of aggregation, and the analysis presented in this profile are responsive to 

the specific setting of BHS, its operations, and Section 260.395. 

2. Purpose of the Health Profile 

Section 260.395, containing the health profile requirement, presents 

the intent of the law; to provide a health profile suitable to monitoring 

serious illness which might be indicative of environmental hazards exposure 

to residents in or near a hazardous waste site operation. The section 

specifically cites the need for the profile to be sensitive to detecting rates 

of serious illness associated with environmental hazards health effects that 

exceed state averages. 

There are no current State regulations available specifically describing 

the structure, content or analysis process required to meet the intent of 

the law. However, the State has issued summary guidelines (Appendix 1). 

This profile is consistent with these guidelines. 

BHS is prepared to meet the full intent of the law I and as pa·rt of the 

application process wishes to provide complete explication of the structure 

and content of the required health profile. BHS does not presume to 

assume the form of any forthcoming State regulations. However, BHS 

consultants wish to document the profile development consistent with the . . 

State Statutes, the existing guidelines, and in accordance with currently 

recognized technical and scientific requisites for a community health profile 

of serious Illness potentially related to hazardous waste disposal site opera

tions. 

Two basic technical requisites of the profile are: 

• Provide a baseline to monitor serious illness conditions as required by 

the Missouri Statute on an ongoing and comparative basis 

2 
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• Relate measures and data that are appropriate to monitor health effects 

to known or potentially h-azardous substances that are disposed in the 

BHS waste landfill. 

The profile is structured to meet the two requisites stated above. To 

accomplish these two purposes the profile will conform to the following 

technical characteristics: 

• require objective and timely data of sufficient quality to meet the need 

for ongoing and comparative analysis for such serious illnesses. 

• describe health effects to the known etiology and epidemiology of 

populations exposed to toxic or potentially hazardous compounds. 

• provide a comparative framework to appropriately aid the identification 

of health effects reflected in general population trends and those in

dicative of potential or known hazards associated with landfill opera

tions. 

• provide measures of variability or sensitivity associated with indices, 

rates, and trends employed in the profile in order to produce valid 

and objective conclusions related to a health profile of areas surround

ing BHS site operations. 

• require an assay of multiple sources of data, information, and methods 

to select appropriate measures to reflect the tech~ical requisites of 

providing a multi-dimensional view of selected environmental hazard

related serious illness explicit in the technical considerations cited 

above. 

3. Detection of Health Effects of Hazardous or Toxic Substances 

The development of the profile draws heavily on the known relation

ships of toxic effects. Sources are fully documented in the profile. For 

purposes of r~view these sources are summarized below: 



• Health statistics and biostatistics provide the Information base and 

the analytical techniques to collect, analyze, and assess data 

sources that are identified as pertinent to the hazardous waste 

site health profile. Statistical aspects include an assessment of 

reliability, validity, and time trends used to construct the base 

line profile. 

• Medical Etiology and Epidemiology; the study of epidemiology and 

its relation of risk factors, disease distribution patterns, and 

multi causation of illness provide the knowledge base for selecting 

specific indicators of possible serious health effects related to 

environmental quality or hazardous substances. 

• -Toxicology and related studies provide the basis for compiling and 

defining risks related to specific substances that are disposed in 

BHS landfill operations. 

• Engineering and related geophysical and environmental sciences 

contribute data that can be used to identify specific potentially 

toxic substances. In turn the identified substances can indicate 

health monitoring indices where the literature supports such 

linkage. 

• Demography defines and measures characteristics ()f the community 

and state populations for comparative analysis, for specific moni

toring. of populations, and for information on population dynamics 

relevant to on-going monitoring of health effects. 

4. Sources of State Data for the Profile Construction 

The sources of data and information below are used consistent with the 

knowledge base described in the prior section. This section covers sources 

of data, and c~itically _reviews the s~rces for inclusion in the profile. A 
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subsequent section describes the measures to be derived from these sources. 

Emphasis is placed on the use -of on-going health information systems, con· 

sis tent with the need for monitoring over time, on a practical, cost-effective 

basis as described in the section on the Purpose of the Profile. 

4.1 Missouri Data and Health Statistics 

The State of Missouri has ongoing health data sources that are consis

tent with the multiple requirements spelled out in previous sections. The 

basic data required for a serious illness profile will be drawn from the fol

lowing subsets: 

• Mortality Data - Missouri death certificates provide cause-specific death 

information on all deaths occurring within the state by place of resi· 

dence and other descriptors. Mortality is an obvious major data base 

to study specific disease patterns. Death certificates and derived 

statistics provide a continuous source of data on mortality. This 

source of data is used in the profile. 

• Natality Data - Natality data consist of information on births, fetal 

deaths, and the circumstances surrounding birth including related 

demographic and health descriptors. These data are considered valu· _ 

able for assessing and measuring changes in birth patterns and out

comes. ~These changes can be associated' with, or indicative of, envi· 

ronmental changes or health effects. The State collects these data via 

birth and fetal death certificates. These data are used in the health 

profile. 

Morbidity Data - Morbidity data comprise information on_ illness (inci

dence and prevalence) in the living population • 

The State of Missouri has several sources of ongoing data systems that 

measure specific morbidity germane to. the profile. A variety of ways exist 
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to collect such data, including face-to-face interviews with people, health 

examinations, claims forms for medical care costs reimbursement, and hos-

pital discharge and physician office visit abstracts. 
I 

(I) The Missouri Hospital Discharge System • This system collects 

morbidity-specific information related to hospitalized patients. Data 

from discharged patients' medical records are abstracted and entered 

into the hospital discharge file. 

The discharge file is a source for measuring serious illness, as indi-

cated by hospitalization. Geocoding permits assignment to residence area 

that is essential to the health profile for monitoring hazardous waste site 

operations. 

The discharge data will be used to provide specific indicators of po· 

tential environmentally related serious illness, both reversible and irrever

sible. In addition, coverage and completeness of this data source must be 

assayed for purposes of the comparative analysis and time trends. 

Discharge data are records of hospital stays. Individuals may have 

multiple hospital stays within a period of time for the same or related con· 

dition, or different conditions. Small area data and diagnoses of low fre

quency are particularly affected by readmissions for an individual in these 

circumstances. This situation max be reflected in these data. 

On balance the hospital discharge data provide on-going information on 

morbidity trends and Is used in the health profile. 

(H) The Missouri Cancer Registry - The cancer registry collects cases 

(incidence) of cancer as reported by physicians, hospitals or clinics. This 

system cannot be precisely appraised as to the extent and quality of cover

age. Registry data are useful to examine site and age specific incidence 

and time peri~d prevalence for_ tightly constructed special epidemiological 

6 
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• studies. Because of the potential coverage problems, data from this system 

have not bHn used in this profile. Based o·n the experience of staff at the 

Missouri Center for Health Statistics, the hospital discharge data provide 

more complete coverage of cancer morbidity. Therefore, the hospital dis

charge data are used in this report. 

• 

• 

(iii) The Missouri Workman's Compensation File This is a source 

based on legal requirements related to compensation claims. There are 

obvious limitations of the nature of the source, due to its lack of standard

ization, completeness, and reliability to serve as a source of objective on

going reporting. Such data can be useful in identifying spot problems, or 

alerting health officials to potential hazards. Because of limitations, how

ever, these data have not been used as a baseline source .in this profile • 

4. 2 Population and Demographic Data 

These sources provide the community, county and state descriptors 

and data on the population, available either as 1970 U.S. Census data, 

intercensal State of Missouri population estimates, and 1980 U.S. Census 

data. The 1980 U.S. Census data are currently available only on gross 

aggregate counts but are employed to the detail level published. These 

population and demographic data provide the basis (denominator data) for 

the specific rates of serious illness, and other allied rates required by the 

law, and technically appropriate to the health profile. 

These data also provide the basis to determine the validity of rates, 

pooling, and adjustment procedures for the health profile analysis. This 

profile draws upon the currently available census data or population esti- · 

mates • 

7 



The sources of data described above provide an adequate data base 

from which to develop approprfate health measures, describe current health 

status of the population, and can be used for monitoring changes In health 

status over time. 

4.3 Bob's Home Services (BHS, Inc.) - Waste Site Specific Data Sour-

ces 

Two separate sources of data can be derived from BHS data primarily 

on a forward basis, for monitoring. These two sources are BHS site sub-

stances reports or monitoring reports, and an annual BHS workers physical 

exam. 

(I) BHS Substance Monitoring Reports. 

These reports include: 

• type of industrial waste disposed 

• type of compound or contaminants disposed 

• specific testing by analysts, Including leachate analysis. 

Data contained in these reports are used to identify· specific waste 

hazards composition. In turn, the specific compound or family of com-

pounds are to be monitored for health effects linked by epidemiological 

analysis. Certain wastes are not accepted at the site, and this provides 

information to be used to delimit health· measures of indices for the purpose 

of the specificity of the profile. 

-eased on the leachate analysis from BHS, our review of the literature 

and known evidence, Appendix 2 provides a specific cross-listing of known 

principal waste components related to: 

• signs, symptoms, and conditions 

• companion lCD code, ninth revision where applicable. 

• 

• 
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These lCD groupings where applicable are contained in condition· 

specific monitoring groups. The health profile is directed to specific BHS 

operations. 

(ii) BHS Physical Exams of Workers. 

The annual physical exam procedure was reviewed by the Senior Med· 

ical and Epidemiology consultant. A standardized workers exam with em· 

phasis on occupational medicine can be a valuable forward monitoring source. 

_ Current exams show no deleterious health effects on workers due to expo· 

sure at the waste site. However, due to potential lack of standardization, 

and technical considerations, worker physical exam results have not been 

included as part of the profile. 

5. The Health Profile Structure 

Based on the above considerations, five major technical considerations 

were used to develop the specific elements on which the health profile is 

built: 

5.1 Technical reports and knowledge base; scientific literature and 

precedents for environmental health profiles have been reviewed. 

The following major sources have been reviewed: 
" 

• health effects/hazardous substance literature review 

• NIOSH [National lnstitute of Occupational Safety and Health) 

summary and committee reports 

• EPA [Environmental Protection Agency) hazardous substan· 

ces, procedures, regulations, and reports 

• OSHA [Occupational Safety and Health Administration 1 haz· 

ards and protection summaries and reports 

9 



.--.,_ • NCHS [National Center for Health Statistics] information and 

health statistics- recommendations and procedures, collection, 

use, and analysis related to health and environmental effects 

• State of Missouri [Center for Health Statistics] sources of 

data, and technical considerations on specific data and 

analysis 

5.2 Timeliness and Availability of Data. 

The data sets described in the previous section, Sources of State Data 

for the Profile Construction, are available for differing periods of time. 

Thus the baseline. for various sets of data may differ dictated both by 

availability and comparability (see next section). 

5.3 Comparability. 

Over time, data from a specific data source may contain differences 

• 

' which unrecognized can lead to spurious inferences. Comparability con- "" 

siderations in the data sets described above include (see Technical Notes): 

• completeness and coverage; for example, the hospital discharge 

data coverage and completeness vary over time 

• changes in coding procedures; for example, there is a major 

change every 10 years in coding in the lCD (International Classi

fication of Diseases). The lCD codes provide the standard used 

for disease classification. There are time trend considerations 

due to the change from I CD-8 to I CD-9 that would affect the 

base-line profile. These considerations where applicable are 

specifically stated. 

• geocoding for areas, cities, and subareas; for example, considera- • 

tion needs to be given to zip codes, and city code availability and 



• 

• 

• 

comparability. The profile uses zip code, county, and surround

ing counties as comparative units with state experience. 

• definition of health measures; for example, perinatal mortality 

rates computed with or without fetal deaths included in the de

nominator. These rates and indices are defined ·and the rationale 

summarized. 

5.4 Statistical Error Rates 

The numbers and the error bounds related to specific rates must be 

considered. This includes consideration of pooling of years or aggregating 

population or area units. The error rates provide a guage of the stability 

or non-stability of a particular rate. 

In order to guide technical consideration of the error rates and to aid 

the technical reviewer, charts of approximate 95\ confidence intervals on 

single rates (on a per 1000 population. base) and for differences between 

two rates (on a per 1000 population base) have been developed for this 

report. 

The confidence interval approach embodies the sampling error that can 

be expected in a given rate due to stochastic variation and frequency of an 

event(s) measured by the rate. 

This assessment of variability in rates .is of crucial importance since 

the population base and time period used vary with comparative geographic 

areas, specific health events, and time reference. · 

Thus, proper interpretation requires statistical testing and considera

tion of error in evaluating the important rates and ratios used to monitor 

hazardous waste_ sites. Inspection of Appendix 3 shows how these confi

dence intervals on rates (per 1000) vary dramatically based on the size of 

11 



the denominator (base population) and the relative frequency of the numer

ator (the health event of interest). 

The rationale for both a~gregation of data, and the time periods chosen 

for various data base elements are fully documented. Each data source 

requires separate aggregation considerations in order to provide appro-

priately stable derived rates and indices, and to take into account the 

effects of coding changes and quality and completeness of reporting trends 

over time. Principally selected birth and natality rates will reflect a five

to ten-year baseline; death certificate data, a two-year base; and hospital 

discharge, a one-year base as dictated by the technical considerations 

enumerated. 

5.5 Adjustment Factors 

This category includes the use of factors or procedures to adjust 

appropriately for underlying· factors such as completeness of reporting or 

demographic factors that make one area 11different11 from another. 

6. Indices Selection 

The primary measures selected· for the health profile are based on the 

considerations cited above. 

This section summarizes the data sets and their reference periods used 

to derive the major indices, rate~, ratios, an.d proportions employed in the 

health profile. The time period of coverage for each set has been predi

cated on the technical factors cited in Section 5 (above). 

Specific table references are combined to provide a succinct but com

plete guide to the indices and rationale for use. 

•• 

• 
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6.0 Summary Guide to Data Sources, Indices, Time Period, and Technical 

Considerations for the BHS Hazardous Wastesite Health Profile 

6.1 NATALITY 

Source: Birth Certificates 

Birth rates 

Table 1 1980 most current year 

Ferti I ity rates 

Table 1 1980 most current year 

Low Birth Weight (under 2501 grams) 

Table 3 1972-1976 
1977-1980 

aggregate years 
aggregate years 

Gestation period less than 37 weeks 

Table 7 1972-1976 
1977-1980 

aggregate years 
aggregate··years 

Apgar Score less than 8 (at 5 m.inutes) 

Table 8 1978-1980 aggregate years 
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• descriptive only 
relates to total population, 
can be misleading to im
pute any health implica
tions. 

• measures fertility 

• measures development 
state of live births 

• aggregated to provide 
more stable comparison 

• correlated with gestation 
period less than 37 weeks 

• measures gestation related 
to expected full term de
velopment 

• aggregated to provide more 
stable compari~ons 

• measures condition of in
fant at birth 

• aVailable SinCe 1978 Only 1 

and coded less than 8 

• aggregated to provide more 
stable comparisons 



Source: Birth Certificates and Fetal Death Certificates 

Fetal death ratio 

Table 2 1972·1976 
1977·1980 

aggregate years 
aggregate years 

• a measure of fetal wastage 

• comparability with other 
natality measures 

• aggregated to provide more 
stable comparisons 

Source: Birth Certificates, Fetal Death Certificates, and Death Certificates 

· Neonatal death and perinatal death rates 

Table 5 1972·1976 
1977·1980 

aggregate years 
aggregate years 

Source: Hospital Discharge Data 

Congenital malformations 

Table 4 1979 

6.2 MORTALITY 

Source: Death Certificates 

Infant death (excluding accidental deaths} 

Table 6 1972-1976 
1977·1980 

aggregate years 
aggregate years 

• measures of survival dur· 
ing gestation and around 
birth or immediately post
natal 

• comparability with other 
natality measures 

• aggregated to provide more 
stable comparisons 

• measures anomalies of de
velopment 

• single year hospital dis
charge available 

• hospital discharge reflects 
better quality of reporting 
of events than birth certi
ficates 

• measures early childhood 
mortality 

• accidental deaths excluded 

• 

as no possible relation to • 
hazardous waste exposure 

• aggregated to provide a 
more stable comparison 



• Table 12 1971-1980 time trend, single 
years 

Malignant neoplasm (by selected groups) 

Table 9 1979-1980 aggregate years 

6.3 MORBIDITY 

Source: Hospital Discharge Data 

• Malignant neoplasm rates (by. selected causes) 

Table 10 1979 

• track mortality changes 

• specimen analysis for tem
poral effects 

• cause specific mortality 
known to be affected by 
hazardous waste (see Ap
pendix 2} 

• selected groups aggregated 
for stability of rates but 
preserve subgroup speci
ficity 

• 1979-1980 only to reflect 
lCD 9. Comparability with 
I CD 8 on state and local 
level doubtful and not 

. used. 

• measure· occurrence of 
selected cancer causes in 
the population 

• selected groups compar
able to mortality tables _ 
and indicative of specific 
waste site hazards (see 
Appendix 2} 

• single available year of 
reliable reporting with 
coverage of comparable 
completeness among state 
and local units of analysis 

Other primary diagnosis rates (by selected causes} 

Table 11 1979 

• 
15 

• measures occurrence of 
other selected causes re· 
lated to possible hazardous 
waste exposure (see Ap
pendix 2} 
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7. Analysis 

• limited to causes with 
specific physiological eti
ology; conditions influ
enced by psycho-social 
factors are not included 

• single available year of 
reliable reporting with 
coverage of comparable 
completeness among state 
and local units for analysis 

The analysis and interpretation of the BHS Hazardous Waste Site . 

Health Profile is derived from the state statute and basic health statistics 

considerations in order to: 

1) identify selected serious illness conditions related to possible 

hazardous substances contamination and compare with the state 

average. 

This calls fo~ appropriate geographic comparative units of 

reference for analysis. 

2) provide a baseline descriptive profile to establish the current. 

population health effects within the appropriate comparative geo

graphical units. 

This calls for specific tables of the selected indices for these 

comparative units. 

3) provide the appropriate ·time reference data and ·indices to permit 

forward monitoring of the health profile in subsequent years. 

A baseline and a period of before operations and after opera-

tions observation periods are available. 

4) Establish appropriate statistical techniques for estimation of mea

sures of health effects, and to objectively assess and test for the 

statistical significance of these measures. 

• 

• 
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• 
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The presence of natural variability from year to year is 

reflected in the data. Conclusions must take into account the 

statistical variability that is present. 

The magnitude of the underlying events, whether relatively 

common in occurrence or less common, and the size of the popu

lations of the various geographic units affect the variability of 

the measures of health effects. 

The underlying population, time trends, rates and the dif

fering nature of the health measures and data employed require 

selection of the appropriate statistical tools to permit objective 

and valid comparisons. 

7.1 Geographic Factors 

Geographic-specific definition of all data and derived measures were 

carefully considered. Each waste site and its surrounding areas must be 

considered. The Statutes call for a comparison of the site with State rates. 

This profile goes further to provide a set of nested comparisons: immediate 

surrounding site, county of site, related distance and geology consider:-a

tions, counties, and the State. Statistically these nested geographic areas 

do not provide independent estimates; however, because of the comparable 

increase in population from one nested unit to the next l.arger aggregate in 

the case of BHS surrounding zip code, county, and state, the lack of strict 

independence is not a significant limitation on the comparative approach. 

• zip code the area immediately surrounding the BHS 

site. Zip code 63390 is the location of BHS. 

operations. See Appendix 4 tor a map show

ing zip code 63390 boundaries. 

• county W~rren County, the location of the BHS site. 

17 
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• aggregate counties Warren and the two counties in close proxlm-. 

• state 

ity to the BHS operation (Lincoln and St. 

Charles). 

the State of Missouri. 

7. 2 Demographic Factors 

• age, where pertinent to the analysis and technical consider

ations age-specific or age-adjusted rates are included. 

7.3 Statistical Stability and Comparability 

Consistent with the statistical factors, previously cited statistical 

tests of significance, estimation, and confidence interval guides 

are used to provide objective assessment of the data. 

7. 4 Specific hazardous substances or industrial groups related to 

materials disposed at BHS landfill operation. (See Appendix 2 

review.) 

7. 5 The analysis is responsive to the criteria above and is divided 

into four components: 

1) Presentation of Descriptive Indices 

Presents the selected health effects measures for each com-

parative civil division. Where possible it is further divided 

into pre and post operations ·periods. The pre operations 

period is defined as the years 1972-1976 period, and the 

post operations period as the years 19n-1980. The basic 

tables are presented in Appendix 5. These tables contain 

the frequencies, rates and indices selected for health effects 

monitoring. 

18 
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2) Examining Differences. for Significance by Z·Score Approxima

tions -
This section assesses the statistical significance of the in

dices presented in the Appendix 5 tables with respect to: 

- differences among the rates among comparative groups 

within the pre-operation phase, and within the post 

operation phase. 

- differences among the rates pre operational and post 

operational within a specific civil division. 

Using the approximate Z-score confidence intervals (Appen-, 

dix 3) provides a statistical screening procedure to assess 

the significance of differences among the rates . 

The confidence interval tables in· Appendix 3 provide 

the entries for the technical reader to examine specific rate 

differences. These confidence interval tables are for a 95\ 

confidence interval. For ease of review the results of all 

the tests are summarized in tabular form in Section 8. 

It should bE: ted that at the a = • OS level, 5 out of 

100 of the many approximate normal Z-scores examined will 

cause us to reject a hypothesis of no diffe.rence when in fact 

It · is true. The multiway comparisons yield tests that are 

not independent of one another. Furthermore, not all the 

measures are themselves independent. 

The test results summarized in Section 8 do provide 

appropriate statistical screening procedures to find potenti

ally deleterious health conditions among the many observed 

differences in measures that may be due to chance alone. 
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3) Differences of Risks Using Standardized Mortality or Morbid· 

lty Rates (SMR) and Standardized Proportion Mortality or 

Morbidity Rates (SPMR) 

The SMR and the SPMR procedures are presented to 

define the comparison of BHS surrounding areas with that of 

State experience. Standardized mortality or morbidity rates 

(SMR) help adjust for the effect of underlying population-

age differences where the age-specific population is known. 

SMR's are constructed for the mortality data. 

Standardized proportional or morbidity rates (SPMR) 

accomplish the same purpose of adjustment for underlying 

population differences when these differences are not directly 

observable. Since the hospital discharge data cannot be 

referred directly to the population subgroups, the SPMR 

procedure is used for the hospital discharge based morbidity 

measures. 

The SMR and SPMR procedures in conjunction with 

' current data are most appropriate procedures for assessing 

the current relative hazards appraisal required by Missouri 

Statute. 

4) Time Trends 

Time series analysis can be useful in examining patterns 

or trends in the health profile measures. However, the 

limited period of observation on most measures places current 

restrictions on the use of this technique with currently 

available data. 

• 

• 
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As yearly observations accrue, an on-going health pro

file based on annual data may be analyzed by more sophisti

cated trend analysis. 

Appendix 6 contains a technical discussion of Time 

Series analysis and a recommended statistical analytic ap

proach (ARIMA) that may be employed in the future. 

Time trends over the current period can be examined 

empirically for the appearance of any potential or suspected 

emerging trend. Therefore, time series has been examined 

only via graphs for the natality data as a specimen analysis. 

8. Summary of Findings 

This section summarizes the findings based on the presentation of the 

data via rates, trends, time periods, and the statistical methods described. 

The interpretation is based on the specifics of the statutes, the as

sumption of an ongoing monitoring function, and the statistical strengths or 

limitations of the data and indices previously described. 

8.1 Descriptive Tables of Freguency and Rates of Selected Indices 

Tables 1-11. 

The rates in Tables 1-11 are summarized in tabular form below. The 

rates were screened using the ~pproximate Z-test confidence interval ap

proach given in Appendix 3. 

The standard comparison is taken as the state rate. Where the data 

permitted, some tables reflect the additional comparison of dividing the ob

servations, pre-BHS operations (1972-1976) and post-BHS. operations (19n-

1980). The state comparison permits examination for effects as indicated by 

the law. The two time period comparison, where possible, sharpens the 



analysis by comparing rates for changes before and after BHS operations 

began, within each civ11 divisio'1. 

The summary table identifies: 

• the specific rate 

• the direction of any negative effect 

• the time comparisons in the table 

- the state rate as the standard 

- the time trend before and after BHS operations 

• the summary results of the table 

- no specific differences noted, given error rates 

- monitoring an elevated rate indicating that these rates should 

be examined for underlying population or other factors in

cluding hazards that can cause these differences 

• other common risk factors or underlying health and population 

factors beyond environmental hazards that also can affect these 

rates (although not an exhaustive list}. 

Bearing in mind that the multitude of rate comparisons is large and 

many not independent, the evidence in Tables 1-11 indicates that the state 

rates are not exceeded in most of the indices presented. However, note 

that several of the natality measures while not significan.tly different are 

elevated and should be monitored. Recognizing the perturbations in the 

small area data the profile can be complemented by examining the cause

numerator event information on the certificates. Subsequent time period 

data will be necessary to establish any definite trend. 

A subsequent section (8.3} provides a more precise statistical tool 

• 

using cause-specific data based on mortality and morbidity data sources. • 
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SUMMARY OF ANALYTIC RESULTS, TABLES 1-11 

Aggregated 
Rates 

Table 1 

Table 2 

Table 3 

Table 4 

Table 5 

Measure 

fertilityt 

fetal death rate 

low birth weight 

aggregate birth anomalies 

cause-specific 

perinatal* 

neonatal 

Direction of 
Potential Negative 

Health Impact 
and Type of 
Comparison 

reduction compared 
, to state 

elevated before
after compared to 
state 

elevated before
after compared to 
state 

elevated compared 
to state 

elevated compared 
to state 

elevated before
after "compared to 
state 

elevated before
after compared to 
state 

t Population data for before-after comparison not available. 

*perinatal and neonatal not statistically independent 

Findings 

no effect 

no effect 

no effect 

no effect 

no effect 

no effect 
monitor" 

no effect 
monitor 

• 
Moderating Factors 

depends heavily on other 
demographic factors 

depends heavily on 
health, demographic fac
tors, and genetic predis
"position 

as above 

genetic pedigree 

genetic pedigree 

general health status, 
prenatal care, genetic 
factors, events around 
delivery 

as above 
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SUMMARY OF ANALYTIC RESULTS (continued) 

Aggregated 
Rates 

. Table 6 

Measure 

infant death rate* 

Direction of 
Potential Negative 

Health Impact 
and Type of 
Comparison 

elevated before
after compared to 
state 

*not statistically independe'"!t of the perinatal and neonatal rates 

Table 7 gestation < 37 weeks* 

*not independent of low birth we,ight 

Table 8 Apgar Score < 8 

Table 9 malignant neoplasm death* 

' 

elevated before
after compared to 
state 

elevated compared 
to state 

elevated compared 
to state 

*total not statistically independent of specific cause rates 

Table 10 

Table 11 

malignant neoplasm, hos
pital discharge 

diagnoses, hospital dis
charge 

elevated compared 
to state 

informational only 

Findings 

no effect 
monitor 

. no effect 
monitor 

no effect 

no effect 

no effect 

• 

Moderating Factors 

as above, post-natal care, 
and exposure to infec
tious diseases 

error in estimation, 
health, prenatal care, and 
genetics 

preexisting, prenatal, 
circumstances at birth 

cause-specific variable, 
etiology, age distribution 
and demographic factors 

as above 



• 8.2 Time Trend 

The time trend data Is presented as a demonstration analysis. Because 

of limitations in the number of observed periods time trend analysis is not 

strictly applicable except as empirical observation. 

Since the profile is assumed to provide a baseline, it is desirable to 

address this technique. 

Table 12 and Figure 1 provide a specimen of such analysis and a plot 

of annual infant mortality rates. In general, a downward trend is indicated 

in all civil divisions considered, although the trend is somewhat erratic in 

smaller areas. Also,. the number of infant deaths is too small in the sur-

rounding site to discern any meaningful trend. If more meaningful time-

series data can be accumulated, we could examine them using more rigorous 

• statistical techniques. Appendix 6 provides a technical discussion of time 

.._~ trend analysis and a specific procedure that may be used as the observa.;. 

tipnal periods accrue over time. Examples of data series relevant in this 

context are included in the Appendix. 

8.3 Analysis with Standardized Mortality or Morbidity Rates (SMR) 

and Standardized Proportional Mortality or Morbidity Rates (SPMR) 

The SMR and SPMR are appropriate indices to aid in the clarity of the 

health profile. As presented In· references In Appendix 7 these statistics 

'can control for underlying differences in population distribution, where 

these differences are directly observable (SMR} or where the differences 

may exist but are not directly observable (SPMR). 

The SMR and SPMR are highly appropriate in examining hazardous 

• exposure-linked, cause-specific mortality and morbidity data. 



Table 13 shows standardized mortality ratios (SMR) of malignant neo

plasms for the three-county aggregate. The standard population used in 

this computation Is the 1980 Missouri ·age/cause-specific mortality rates. 

The chi-square value associated with each SMR is presented to facilitate the 

test to see whether a given SMR differs significantly from unity (standard). 

In general, cancer SMRs of the three-county area are lower than the 

state ratios. The 1979 SMR of digestive organs for the three-county area 

is significantly lower than the standard. On the other hand, the 1980 SMR 

of the same cancer site is slightly higher than the standard, but it fails to 

attain statistical significance. Alternatively, this observation can be stated 

as follows. The SMR of digestive organs for the three-county area signifi

cantly increased from 1979 to 1980, but it did not significantly exceed the 

state's rate. The SMR of residual cancer sites was slightly higher than the 

state's rate in 1979 but decreased below the state level in 1980. 

Table 14 presents an analysis of hospital discharge data comparing the 

three-county area with Missouri with respect to selected neoplasm sites. 

First, as in Table 12, we examined standardized morbidity ratio. With th_e 

exception of leukemia all SMRs are less than unity indicating that the three-

county area has relatively lower cancer incidence than Missouri. In fact, 

SMRs for digestive, other sites and all sites are significantJy lower than the . . 

state. Although leukemia incidence is higher than that of the state, it fails 

to attain a statistical significance. 

Second, we examined standardized proportional morbidity ratio to 

demonstrate usefulness of this measure in future use. This measure does 

not require any population data, but it is equivalent to the relative SMR 

which utilizes population data. Theoretical discussion is presented in 

references in Appendix 7. . . 

• 
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This measure can be used to assess whether there has been any sig· 

nificant shift in incidence of specific cancer as compared with total cancer, 

adjusting for age-difference in proportional morbidity. Since this can be 

computed quickly based on hospital discharge data, it can be used to con· 

duct a preliminary screening of excess morbidity. More definite assessment 

·of morbidity can be made at a later date when population data become avail

able . 
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Note 1. The table provided by the Missouri Center for Health Statistics is 

Included to present data as to the completeness of the hospital 

discharge reporting system. Based on information provided by 

the Missouri Center, discharge data are estimated to be 80\ com

plete (personal communication). 

Note 2. The comparability of causes of death following the 10-year chan

ges in the classification codes is provided through use of compar

abi I ity ratios. These ratios, constructed at the national level, 

have not been used in this report since their applicability on a 

state or local level is highly questionable. A report by the North 

Carolina Center for Health Statistics is included in this section to 

point out the difficulties associated with the application of national 

·ratios to a state or local level. 

Note 3. A companion table of causes of death as given in Table 11 for 
._/ 

• 

hospital discharges was not prepared due to the low frequencies 

of the events for geographic areas other than total state. 

Note 4. The natality and related mortality measures in Tables 1-8 were 

selected as potential sentinel health events. These would be 

sensitive for a monitoring system of serious hazardous wastes 

disposal producing adv~rse health effects. The. events have been 

described in the literature as they may relate to hazardous waste 

disposal sites (see References - Appendix 2). 

Note 5. Mortality data are presented for 2 years only, 1979 and 1980. 

This was done in order to eliminate difficulties associated with the 

use of national level comparability ratios. The single year, 1979, 

was used for hospital discharge data because the· Missouri Center 

for Health Statistics _indicated this was the only year of data 

available. 
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• Q:mpar:isa'l of Vital Statistics Birth and Death Frequencies with 
!bspital Discharge Frequencies, by Residence ~ 

1979 

Deaths-J\.p,e <65 Deaths--Age 65+ 
Residence~ HD vs 1. HD VS 1. 

Missouri 5,155 7,377 70 16,176 18,987 85 

Surrounding Site 5 6 83 3 7 43 

t-Tarren Cot.mty 11 13 85 36 56 64 

Aggregate Comties* 98 168 58 260 389 67 

Source: Missouri Center for Health Statistics 

mrE: HD • lbspital Discharge File 
VS • Vital Statistics File 

• *Aggregate CO\.I\ties inc1uie Harren, Lincoln and St. Olar les 
J 

• 

• 

Births 
HD vs 

56,850 76,056 

43 63 

141 216 

1,939 3,211 

1. 

75 

68 

65 

60 
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It. CHANGES ·IN "ni!: CAt.5E-QF-DEA'Mf CtASSIFICATICJI SYSTEM 

About every 10 years since 1900, ~at is now the International 
. 

Classification of Diseases (ICD) is revised in order to incorporate the latest 

state-of-the-art in disease classification. Each revision produces some break 

in the comparability of cause-of-death statistics~ and the Ninth Revision--first 

aRJlied to 1979 deaths-is no exception. In fac:t, there are some serious breaks 

in comparability for a number of causes. 

In order to interpret mortality trends, the National Center for Health 
. . 

Statistics (NCHS) provides national estimates of the discontinuity associated 

with a change in the ICD. TO date, these •ratios of comparability• between the 
·,· 

Eighth a~ Ninth revisions have been reported for 72 selected causes of death 

and 10 selected causes of infant death (2). More detailed analyses, ineludlnq 

• the construction of age-race-sex~specific rai~~s for each of 72 causes, ~are in 

proqress. 

Methodology 

nte method used by N::HS to construct comparability ratios was rec:cmnerded 

by the International COnference for the Sfxth Revision of. the ICD which convened 

in France in 1949. In the present ease, the comparability ratios are based on 

(a) all deaths in 197~ coded according to the Eighth Revision and (b) a sample. 

of the 197'i deaths coded accordinq to the Ninth Revision. For a particular 

cause, the denominator of the ratio is qiven by (a) \~bile the nunerator is an, 

<3nnual estimate derived from (b) of the m.mber of 197fi deaths assiqned to the 

comparable Ninth Revision cause. Data year 1976 was the most recent available 

at the time these ratios were constructed. 

• Ch::e construe~, a ratio is applied to the mnber of deaths or death rate 

under the prec:edi~ revision. 'the ratio examined here may be applied to the 
- -

years 1969 thro~h 1978 inclusive although ~here is no quarantee that ratios for 
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1976 are applicable ~ other years. u.s. ratios also may not be applicable ~ a 

0 particular state, as will be seen; much less to a particular co~ty. However, 

the acquisition of aqe-race-sex-specifi~ ratios frona N:HS (pr:onaised by 1982) 

should allow a state or county to compute more realistic ratios for the 

particular area and over time. In the meantime, examination of the u.s. ratios 

for the causes of this volume (certain site-specific cancers excluded) will 

reveal major chan1es in the ICD. 

c~~parability Ratios 

-A ratio of 1.0000 indicates that the sa.'ne m.mber of deaths was assiC]ned to 

a particular underlyin~ cause Whether the Eighth or Ninth Revision was used. 

'nlis c~., result from a perfect correspondence between the revisions or frc:n -
ccmpensatint] cha~es. Usually, a ratio of less than 1.0000 results from 

• ,. .;:. ~ :.- .. .S$ • : ~ 

decreased assignments to the cause or lrom the Ninth Revision category 

._,· cepresentin') only a part of the Eighth Revision cateqory with Which it is 
·-compared. Finally, a ratio of more than 1.0000 results from i~reased 

assiqnnents to the cause or from the Ninth Revision cateqory being broader . ~ 

the Eighth RP.vlsion category with. Which it is compared. Table A shows the 

correspondiD) Eighth and Ninth revision codes and u.s. comparability ratios for .. 
selected causes. Nbte that ratios for site•specific cancers ~re available only 

for breast cancer (1.0089) and leukemia (1.0070). 

~jor ICD Olant]es for Volune 2 Causes 

n1e follo~i~ summary of chanqes addresses causes in the order of their 

appearance in Table A. Some causes where the comparability ratio is very close 

• 

to 1.0000 are omitted. • 

~ Despite internal chan1es, heart disease as an entire 
· entity did not chanqe very much. The comparability 

ratio of 1.0126 involves the transfer of unspeci(ied 
heart failure from •symptOms an~ ill-defined 
conditions• (Eighth Revision 782.4). 
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Table A 

~able CAtel)ory tullbers for Selected x.ading 
causes of Death According to the Ninth iiOd 

EiCJhth kvisials of the IntematimAl 
Classification of Diseases With 

Q:llparability Ratios 

Cause of DMth (Ninth Revisim) 

Diseases of Heart • • • • • • • • • • • • • 
Acute HyDc.vdial Inf.rctial • • • • 
Other lacbemic: Heart Diaease • • 

ttyperta,aial with« vitlaat RI!Nl DilleUe • 

Cerebrovuc:ulu DlMUes • . . .. • • 
~il ••••• • • • • . . 

cateqory tUtlbers 
Acoordinq to the 
Ninth Aevisi.al 

l90-J98,402,404-429 
• • -IJ 0 
411-414 

. ·. . 

. . . 
~ ...... . .. • • . . . . . .. . .. . . . . 
DWbetu Mellitul . . . . . . . . . . . . . . . . . . . 

401,40) 
00-4)8 

• • 440 
UG-208 

• • 250 
480-487 .....u.a and Innuenza • . . . . . . . -.\ . . 

0\rcnic Cbitzuc:tive PulmcnAry 
Dilleue and Allied Olnditicna . . . . . ..·· .. .... 

• • • 490-496 .. 
0\lQU.c Liver Dlause and Cin'hr,)als • • • • • 

Nephritis, Ne(Nat1c Synrkaae, ..-4 Nelivosls • 
• . • •. ~ • • • 571 

ttJt.oL" Vtlhic1e ~. • • • • • • . . •• . .. 
Otber Aacidents and Adverse Effecta 

Suicia •••••••••••• . . . • • . .. 
tkaicide MIS IAIIjalintcwntion . . . . . . . . . 

• ·! • . .. SBG-589 
11G-825 

IG0-807,826-949 

• • • tso-959 
. .. 96o-978 

.. 

cateqory ruabers 
Acoordinq to the 
Eighth Revisia\ 

l90-l98,402,404,410-429 
• • • • • • • • • • • 410 

••• 4ll-41l 

• . . . . . . 400,401,40l 
• uo-oa . . . . . . . . . . • 440 

. • . . • UG-209 . 250 . . . . • • . . . . . 
• . . . . 47G-474,48G-486 

. . . . . . . . . 490-49) . . . . . . • 571 

• . . • • • . . . SIG-584 . . . . . . . . . llo-tl2l 

• • • • • IOG-807,125-949 . ... • • • • • tSG-959 . . . . . . . . . 960-978 

•• 
• 

Ollparability 
~ .. 
1.0126 
1.000) 

.7592 
1.270l 
1.0049 
1.0649 
1.002& 
.tt9l 

.9264 

1.1846 
1.0110 
1.7397 
1.0117 

.9841 
1.00)2· 

l.Q957 

. . 
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- A major probl~ appears in the category 
other ischemic: heart disease Where a ratio of .7592 
is due to the removal fr~~ this eateqory of 
•cardiovascular disease,. unspecified•. (Eighth 
Revision 412.4) and •cardiovascular disease without 
mention of chronic: ischemic: heart disease, with 
hypertensive disease• (Eighth Revision 412.2). 

- For hypertension, the comparability ··ratio of 1.2703 
results-from revised rules reqardift1 the treatment 
of hypertension in combination with cardiovascular 
disease (CVD). In the Eighth Revision, hypertension 
always linked with CVD to become •hypertensive heart 
disease.• In the Ninth Revision, this linka9e 
occurs only W'\en it is stated. that the CW is due to 
hypertension, an~ otherwise, the death is assigned 
to ~ypertension. 

- The Eighth Revision fourth digits denoting the 
presence of hypertension in ischemic heart and 
cerebrovascular diseases no longer exist, maki~ it 
impossible to colnt mentions of hypertension exactly 
as before. The new fourth digits for hypertensive 
disease indicate whether the disease was specified 
as malignant, benign, ·or nei thet,.;,;~ ·· "": 

- The ratio of 1.0649 for atherosclerosis (~ormerly 
arteriosclerosis) is due to ehanqes in linkage 
rules. These chi!nqes affect underlyir19 counts only, 
not mentions. · 

- For eanc:er as a V1ole, the Eighth and Ninth 
Revisions are virtually the same. HoWever, 
malignant neoplasms specified as secondary are mw 
eoded to •unspecified site• rather than to the 
secondary site. Reductions In site-specific: deaths 
that are due to this C:hant)e cannot ~esently be 
quantifiedr NCHS promises comparability ratios.at 
this level of detall late. this year •. However, "for 
the state as a W'tole, only cancer of the pancreas 
and cancer of the cervix uteri show noticeable 
reductions between 1978 and 1979 (10.9 and 16.7 
percent respectively). 

-The comparability ratio of .9264 for 
prt'!llnonia and influenza (formerly, influenza and 
pneumonia) is due largely to the removal from this 
category of deaths attributed to co~enltal, 
aspiration or aeute interstitial pneumonia. 

- The NCHS ratio of 1.884~ for ehronie obstructive 
p.~lmonary diseases and allied conditions is intended 
to make Elqhth. Revision deaths due to bronchitis, 
emphysema, arrJ asthma (Eighth Revision 490-493) 
comparable to the ex~ed Ninth Revision category 
~_.ftA _. .... ~ .. -.&....1'-L. 1--•--....111-- ....,__ --~-- _ 
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bronchiectasis (Eighth Revision 518) and unspecified 
chronic obstructive lunr;~ disease (Eighth Revision 
519.3). The 1978 Leadi~ Causes of Mortality had 
already added in 519.3 to ~rm an expanded category, 
so the ratio of 1.8846 is only applica!lle .to 
bronchitis, em!Xtysema, and asthma figures from 1977 
and earlier volumes. · 

- The cateqory chronic liver disease and cirrhosis 
(formerly, cirrhosis of the liver) now inchr:Jes 
alc.oholic liver damaqe ~specified and other 
unspecified chronic liver disease. 

-With a ratio of 1.7397, the larqe increase in the 
n&aber of deaths assigned .. to nephritis, nersrotic 
!Y"drome and nemrosis (formerly, nePfirlt s ana 
nephrosis) resu ts from . the Ninth Revision's 
inclusion of uremia, acute tubular. nephrosis, and 
renal failure, not.otherwise stated. 

- The category motor vehicle accidents now includes 
specific codes for nontraffic accidents involving a 
motor-driven snow vehicle or other off-road motor 
vehicle. 'ftle code for streetcar accidents has been 
removed. .:-: ;.- .- ~s . .

"' I I 

- A reduction in deaths attributed to other accidents 
and ajverse effects is due to new rules 'Jlereby an 
adverse effect takes precedence over the external 
cause. For exanple, aplastic anemia resulting frora 
the administration of chloromycetin is coded to 
aplastic anemia in the Ninth Revision as opposed to 
•surgical · and medical complications and· 
misadventures• in the Eighth ·Revision. 

In sum, the Volune 2 cateqories substantially affected by the ICD revision, 

and for Which comparisons to 1978 and earlier years should be made very 

carefully uslnq the comparability ratios, are: · other ischemic heart disease; 

hypertension; P"&eLJROnia and influenza; chronic obstructive 1~ disease; and 

nephritis, nephrot~c syndrome, and neP,rosis. 

Evaluation of COmparability Ratios 

• Table B applies the u.s. comparability ratios to N.C. deaths durinq 1975 

throl.Jlh 1978 and compares the percent change in ~adjusted deaths from 1977 to 

-.._,/ 1978 to the percent change in deaths from 1978 ,(adjusted) to 1979 (actual). 

· Where there is a large difference between the two percent changes, we may 
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Tat.1e a 
1975-1978 Adjusted and 1979 

Actual Deaths with Percent 0\anqes 

!lon:il carolina, 1979 

Percent Differences Percent Differlfteea Aati~adjusted Deaths 1979 1977 ard 1978 1978 Adjusted ~ 

Cause 
fJ75 1976 1977 1978 Deaths ~adjusted Deaths• 1979 Actual Deaths 

- -- - - - -DiSUolses of He.vt 
16,820 17,029 17,142 17,665 17 ,3)7 + 3.0 

- 1.9 

Acute 11yacacdi41 Inf&rcticn 
8,401 8,)42 8,219 8,)25 8,076 + l.J 

- 3.0 · 

Other Ischanic He.vt Disease 
4,9JO 5,072 5,1Jl 5,362 4,698 + 4.5 -12.4 

fl~sian with oc without Renal Disease 
221 255,, 231 183 230 -20.9 +25.7 

Ct:rebrovaSQ~lar DiSU:~es 
5,277 5,066~· 5,047 4,716 4,688 - 6.6 - 0.6 

CD 

Atherosclerosis 
607 667 654 517 - 1.1 -u.1 

617 Cancer 
7,865 8,266 1,605 •.n5 9,099· + l.l ' + 1.8 

Diabetes Mellitus 
862 867 819 795 799 - 2.t + 0.5 

~a anc1 Influenza 
1,296 1,252 ~· 1,244 1,323 1,053 + 6.) ·20.4 • 0\ronic Cll&t.Nctiva PuW:nA.,"'Y • .. .. .. Di5e4se ~ Alliod Calditicns 

976 95(''· 918 873 1,088 +14.2 +24.6 ; 

0\ra\ic LiW&- Diso.ue ind Cirrhosis 
737 666 .. 726 657" 711 - 1.5 + 1.2 

~ NephCitis, Hepvotic S~aw.t, . And Ne~i. 
431 440 .. 5l8 494 445 - 1.1 

- '·' 
M:ltar Vehicle Accid~nu 

1,542 1,588 1,457 1,510 1,537 + J.7 + 1.1 
~ AccJ.&mta And ltd\lvse Effects 

1,707 1,551 1,637 1,622 1,512 • O.t 
- 6.1 

Suicide 
740 68l 734 651 703 ·10 .• 4 + 6.1 

tla!U.cida Mel ~ In~ticn 
78J 687 6l6 664 667 + 4.4 + 0.5 

-l--· - t- tho 1m - 1!1'18 ¥Us !'ou-. of """"U•r· w ..., a. ~ by divW.., tho - in this table t:y the ~Ability ratios in 1'abli A. 

.. 
• • 

\ 

• •• • \. ., 



.. 
that the comparability ratio does not sufficiently adjust for 

classification chanqes. Large differences (greater than 10 percent) appear for 
4> 

other ischemic heart disease, hypertension, pnellftCX'lia and influenza, chronic 

obstructive Ja,~lmonary disease, chronic liver disease and cirrhosis, arY.! suicide. 

In all of these cases except chronic obstructive pulmonary disease, there is 

reversal of siqn between the two percent chan<Jes, and the difference is as great 

as 46.6 ·percentage points for hypertension. For hypertension as underlyinq 

cause, the 1978 death figure appears to be an aberration with the 1979 figure 

much more in line with earlier years. This illustrates the potential problem of 

usinq death data for a sinqle year, especially for the less frequent causes. 

Suicide and liver disease deaths have also fluctuated substantially from year to 

year. For pneumonia and influenza, it appears that 1978 and earlier deaths 

• should be doW"\~Cd adjusted by·more than ,;~~68 ·1n: order to bring them ·f.n line 

with the Ninth Revision coding rules. 
·._/ 

Q\e way to directly evaluate the validity of uslf\9 the u.s. comparability 

ratios for NJrth Carol ina is to directly compare adjusted deaths to the "actual 

Eighth Revision codes that correspond to ~e new Ninth Revision category. This 

comparison for chronic obstructive pulmonary di~eases is given below • 

Ratio-adjusted deaths 
(1.8846 applied to Eighth 
Revision 490-493) 

Actual deaths due to Eighth 
Revision 490-493,518,519.3 

1976 -
954 

1,024 

1977 . 1978 - -
918 873 

1,075 1,235 

• For North carolina, the comparability ratio falls to compensate for the 

additional deaths due to 518 and 519.3. 11\is is apparent also in Table B. · And 

....:.:_..;the discrepancy has- increased. as certifiers use more and more the term •chronic _ 

obstructive pulmonary disease• in lieu of a more definitive diagnosis--a prime 



J • • 
example of how a ratio based on a single year • s deaths may not be appllc:able to. 

• 0 •• '. 

-~ other years. It is therefore suggested that the N!l6 ratio not be used in this 

ease, but rather, actual deaths due to. Eighth Revision c:odes 490-493, 518, and 

519. J should be determined and compared to Ninth Revision codes 490-496. 

'the data in Table 8 Sl.r]~est that the comparability ratio for other ischemic: 

heart disease does not 10 far enough in downward-adjustil\9 N.C. deaths. A 

comparison of adjusted and actual deaths, shown below, points to the same 

conclusion. 

Ratio-cdjusted'deaths 
(.7592 ap?lied to Eighth 
Revision 411-413) 

Actual deaths due to Eighth 
Revision 411,412.1 ,412. 3,413 

1976 ° 

5,072 

1977 1978 

5,131 5,352 

4,622 

The discrepancy here appears related to N.c.'s greater assignnent to Ei9h~. 

Revision 412.2 and 412.4 (diagnoses left out of the Ninth Revision category), 

i.e., these categories aec:ounted for 14 percent of N.C heart disease deaths ~n 

1976 compared to 11 perc:ent of u.s. heart disease deaths. · Again, ac:tual C0\1'\ts 

in the appropriate Eighth Revision categories would be preferable to the use of 
• 

the u.s. ratio in 'Pbrth Carolina. ,ese col.nts may be obt;alned from our 

Detailed ro-ortall ty Statistics volunes ·and eorresPc»ndln] C:0\1'\ty printouts or 

microfiche. 

Most classification c:ha~es do not lend themselves to the type of 

ac:c:ountlnq used for these two cause groups since subcategories of four-digit 

codes are in many eases involved and these are not readily quantifiable. 'ft\ough 

we have p:linted out the major discontinuities for the causes of this volune,_ the 

~eader should be aware of other changes reported by ICHS for these causes and 

for other categories (2). 

10 
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APPENDIX 1 

Health Profile for Hazardous Waste Disposal or 

Treatment Facility 
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--- HEALTH PROFILE FOR HAZARDOUS ~JASTE 

DISPOSAL OR TREAU:ENT FACILITY 

As required in 260.395.7(5) RSMo. 1978 as·amended, a health profile 
shall be submitted with the application for a penmit for either a 
disposal or treatment facility. The intended purpose of this legis
lative directive is two-fold: (1) to provide baseline data to the 
regulatory agency so as to allo\ot for future comparhons and (2) to 
protect the facility owner-operator from spurious allegations of 
causing detrimental changes in the public health. One of the key 
phrases in the statute is "serious illness"; "serious illness" should 
be interpreted to mean an illnets that may cause or significantly 
contribute to an increase in mortality or an increase in reversible 
or irreversible, incapacitating effects on the health of humans. 

The health profile should adc!ress. three main courses of data: 
mortality (death certificates). morbidity (hospital discharge), and 
natality (fetal death and birth certificates). Additionally, the 
state cancer registry and Division of Workmen's Compensation may be 
able to provide other specific information of value in describing 
the health status in the area of concern. Discussion of measurements 
of health characteristics should be focused on comparisons between 
state, county, and site specific rates. Site specific ·rates should 
reflect a geographic area of approximately 3 to 5 mile radius around 
the site. A minimum of five years d~lW~ll be·required for statisti~al 
analysis and averaging of rate computations; qualitative technical 
difficulties in data resulting in time periods cf less than five years 
should be fully explained and justified in the text of the report. 

In selecting health characteristics for measurement and analysis, it 
should be remembered that the statute specifically r:efers to "illness 
which might be attributable to environmental contamination." For 
wastes with known adverse health effects, conditions reflecting these 
effects should be selected for inclusion in the report; for wastes 
with unknown, or undocumented, healt~ effects, conditions reflecting 
possible routes of exposure should be ~elected for inclusion in the 
report. For example, mental and nervous system conditions might be 
selected to reflect the effect of heavy metal wastes;_ liver and kidney 
conditions might be selected to reflect the impact of organic pesticide 
wastes with unknown health effects. Time spent describing deaths 
due to automobile accidents, illnesses due to communicable diseases, 
or rates of marriages and divorces will rarely be of he1p in assessing 
the impact of the site on public health. Explanation of the justification 
for including certain health measurements should be given in the narrative 
discussion in the body of the report • 

Christopher S. Bond Governor Division of E:nvironmentol Quality ·--...1 A I .. ,,..l/llllta• r\.:,.....,... .... .....,,.. n............ 1 ~ ............ :........ a. D z: n; • .e,.. ..... ,. 
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Waste 

Arsenic Trioxide 

2,4-D 
2,4-Dichlorophen

oxyacetic acid 

Asbestos 

Chlordane 

Formaldehyde 

Phenol 

Mercury 

Toxaphene 

Barium 

Chromium VI 
Chromic acid• 
Chroma tea 

Bis (2-ethylhexyl) 
Phthalate 

Lead 

Thiram 

Health Effects-P-ia~ase-Subatance Review 
lBHSJ 

Signs, Symptoms, Conditions 

Ulceration and perforation of nasal septum, 
Hyperpigmentation and hyperkeratoses of akin 
palmar and plantar surfaces; lung cancer(l) 

Hypo- and hyperexcitation of central nervous 
system with massive exposures(2), Controversary 
about induction of soft tissue sarcomas(l) 

Asbestosis, cancer of lung, mesothelioma of 
pleura and peritoneum(4) 

Blurred vision, cough, ataxia, delirium, 
convulsions, death(5) 

Irritant of eyes and respiratory tract, primary 
irritation and sensitization of akin(6) 

Irritant of eyes, mucous membrane and skin; 
system absorbtion causes convulsions, liver and 
kidney damage(7) 

Respiratory irritation, digestive disturbances, 
marked renal damage, neurologic and psychological 
disturbances, mercurialism(8) 

Convulsions, coma, death(9) 

Irritation of eyes and mucous membranes, 
pneumoconiosis(lO) 

Severe irritant of nasopharynx, larynx, lungs 
and akin; causes lung cancer(ll) 

Very low toxicity; teratogenic in mice(l2) 

Severe gastrointestinal disturbances, anemia, 
lead encephalopathy, motor weakness(l3) 

Irritant of eyes, mucous membranes and skin; 
sensitization dermatitis(l4a) 

Ninth 
ICD No. 

162 

171 

162,163 
501 

583-58~ 

502-504 

162 



Waste 

Cyanides 
(alkalai) 

Manganese 

Pentachloraphenol 

---" 
Lindane J 

I 

Endrin 

Methoxychlor 

"~ Maleic Anhydride 

Signs, Symptoms, Conditions 

Metabolic asphyxiation and rapid death(l4b) 

Chronic exposure causes a condition similar to 
Parkinson's disease. Headache, personality 
changes (15) 

Irritation of eyes and upper respiratory tract, 
increased metabolic rate, weakness, anorexia, 
weight loss, sweating, fever; chloracne(l6) 

., 

Irritation of eyes, nose, throat; conwlsions; 
cyanosis. May cause aplastic anemia(l7). 

Epileptiform convulsions, dizziness, lethargy, 
anorexia(l8) 

A convulsant with low toxicity for humans(l9) 

Severe irritation and sensitization of skin and 
respiratory tract. Dermatitis and bronchial 
asthma(20) 

Ninth 
ICD No. 

493 

• 

• 
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Charts and Methods Used to Determine 95\ Confidence 

• Intervals on Rates and Differences among Rates 
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CHART 2 
95\ Confidence Interval for Differences of Two Rates 

Confidence Interval I 
Cl 2 

.2 .4 .6 .a 1.0 1.5 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.2 .. 3 .4 .6 .a 1.0 1.5 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

.4 .6 .7 .a 1.0 1.6 2.0 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 '30.0 
.• 6 .a 1.0 1.2 1.6 2.1 3.0 4.0 5.0 7.5 10.0 12.5 15.0 20.0 25.0 30.0 
.a 1.1 1.2 1. 7 2.2 3.1 4.1 5.1 7.5 10.0 12.5 15.0 20.0 25.0 30.0 

1.0 1.4 1.a 2.2 3.2 4.1 5.1 7.6 10.0 12.5 15.0 20.0 25.0 30.0 
1.5 2.1 2.5 3.4 4.3 5.2 7.6 10.1 12.6 15.1 20.0 25.0 30.0 
2.0 2.a 3.6 4.4 5.4 7.a 10.1 12.6 15.1 20.1 25.1 30.1 
3.0 4.2 5.0 5.8 8.1 10.4 12.8 15.3 20.2 25.2 30.1 
4.0 5.6 6.4 8.5 10.8 13.1 15.5 20.4 25.3 30.2 
5.0 7.1 9.0 11.2 13.5 15.8 20.6 25.5 30.4 
7.5 10.6 12.5 14.6 16.8 21.4 26.1 30.9 

10.0 14.1 16.0 18.0 22.4 26.9 31.6 
12.5 17.7 19.5 23.6 28.0 32.5 
15.0 21.2 25.0 29.2 33.5 

20.0 2a.3 32.0 36.0 .. 
25.0 35.4 39.0 
30.0 42.4 

Note: Used in conjunction with Chart 1: see Appendix 3 (continued). To use this chart determine the confi-
dance interval for each rate from Chart 1 and find the confidence interval for the difference of the rates from 
this chart. 

D ± J (C.I.l)z + (C.I.2)2 

• -~· • \ \ ., /. 
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CHART 2 (continued) 

95\ Confidence Interval for Differences of Two Rates 

Confidence Interval 1 
Cl 2 

40.0 50.0 60.0 70.0 80.0 90.0 

.2 40.0 50.0 60.0 70.0 80.0 90.0 

.4 40.0 50.0 60.0 70.0 80.0 90.0 

.6 40.0 50.0 60.0 70.0 80.0 90.0 

.8 40.0 50.0 60.0 70.0 80.0 90.0 
1.0 40.0 50.0 60.0 70.0 80.0 90.0 
1.5 40.0 50.0 60.0 70.0 80.0 90.0 
2.0 40.0 50.0 60.0 70.0 80.0 90.0 
3.0 40.1 50.1 60.1 70.1 80.0 90.0 

• 4.0 40.2 50.2 60.1 70.1 80.1 90.1 
5.0 40.3 50.2 60.2 70.2 80.2 90.1 

._./ 7.5 40.7 50.6 60.5 70.4 80.4 90.3 
10.0. 41.2 51.0 60.8 70.7 80.6 90.6 
12.5 41.9 51.5 61.3 71.1 81.0 90.9 
15.0 42.7 52.2 61.8 71.6 81.4 91.2 
20.0 44.7 53.8 63.2 72.8 82.5 92.2 
25.0 47.2 55.9 65.0 74.3 83.8 93.4 
30.0 50.0 58.3 67:1 76.2 85.4 94.9 
40.0 56.6 64.0 72.1 80.6 89.4 98.5 
50.0 70.7 78.1 86~0 94.3 103.0 
60.0 84.8 92.2 100.0 108.2 
70.0 99.0 106.3 114.0 
80.0 113.1 120.4 
90.0 127.3 

• 



Methods Used to Derive Confidence Interval Tables 
. 

ASSESSING STABILITY OF RATES AND CHANGES IN RATES 

A. indicated on page 4, an area's infant 
mortality rate (or any other rate) cannot be 
taken as the true rate for that area. It is an 
estimate and as such its variability must be 
assessed. The simplest method for doing this 
is the computation of a 95-percent confidence 
interval. This interval is defined so that it has 
95-percent probability of including the true 
rate. The formula and an example- are given in 
figure 3. The computations shown are derived 

under the assumption that the number· of 
deaths in ·an area has a Poisson distribution.14 

A useful rule is that any rate based on 
fewer than 20 cases in the numerator will 
have a 95-percent confidence interval which i~ 
about as wide as the rate itself (i.e., from 0.5r 
to 1.5r). Roughly speaking, this means all that 
can confidently be said about an area with 20 
deaths out of, say, 1,000 live births is that the 
true rate !s within 20 :t 10 per 1,000. Clearly 

Figure 3. Confidence intervals for rates. 

Let r • nte per 1,000 (e.r., infant mortality nte) 

,. • denominator upon which nte il bued (e.r., number of live births or number of Uve births plus 
fetal deaths) 

The limiu of the 95-pncent conf"adence intenal are: 

upper limit: ,. + 61".981 ,;-f. 

lower limit: ,. - 61.981 .;-.:f. 
For an area with 5 deaths and 100 lift births: 

5 ,. • Imr )( 1,000 • 50 

61.981 ..[:f ··61.981 ~- 55.948 

upper limit: 65.948 

lower limit: · -5.948 

In this cue the Umits are 10 wide that ~e interval ( -4.0, 64.0) includes neptive values, which are bnpoaible. 
50 

Suppose the numbers of births and deaths inaeased tenfold. Then ,. • i":OOO X 1,000 • !0 

61.981 n . 61.981 a . 10.7!5 

upper Umit: 40.755 

lower limit: 19.265 

The intenal (19.5, 40.7) is much narrower than the one in the fint situation, but it still shows that the 
area'• true rate ia not known with much precision. 

Source: Statistical Notes for Health Planners: Joel C. Kleinman, Number 2, 
July 1976, National Center for Health Statistics, Hyattsville, Md. 

• 
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Figura 4. Confidence intervals for the ratio of two independent rates. 

Let 
r 
1 

• nte for period 1 (or area 1) 

d
1 

• number of deaths for period 1 (or area 1) 

r 
2 

• nte for period 2 

d 
2 

• number of deaths for period 2 

R • rl/rZ 

1ben the limits of the 95-pcrc:ent c:onfidellc:e intenal are 

upper limit: 

lower limit: 

Consider the foUowin1 e~ple: 

1961 .. 
1966-70 

... -.. ·-··---·--·· ·-·----·---·· 
40 

R • - • 1.6 
25 

Numbno of 
inftml tUGIIu 

200 
100 

1.96R j ; + 1 
• 1.96 (1.6) (.1225) • .384 

1 "z 
upper limit: 1.6 + .384 •1.984 

lower limit: 1.6- .384 • 1.216 

Numbno of · 
liv• birllu 

5,000 
4,000 

40 
21 

1bus the rate in 1961·65 ia from 1.22 to 1.98 times the 1966-70 rate with 95-perc:ent c:onfidcnc:e. Since 
this intcnal docs not iDdude 1, there wu a statiatic:aUy sipific:ant (P<.05) dec:rcasc iD the area's infant 
mortality nte. -

. . 
1be c:onfidenc:e interval for the ratio of two mdcpendent rata c:an also be euily obtained from the c:onfi· 
dellc:e intervala for each rate. U the c:onfidenc:e intenala for each rate are 

r
1 

t 61.981 /'f'" • r1 t CL1 
1 

r
2 

t 61.981 fi • r t CL ,. z z z 



Figure 5. Confidence intervals for the difference between two independent rates. 

r 1 • rate for period I (or uea I) 

,.1 • denominator upon which r 
1 

is based 

r 1 • rate for periocl2 (or uea 2) 

"a • denominator upon which r 2 is ba1ed 

D • r1 -r1 

The Umib of the 95-percent confidence intenal are 

upper Umit: D + 61.981 I rl -
"I 

j rl 

"I 
lower Umit: D- 61.981 

Ulinl the ume example. u in rJIUR ~. 
D • 40-25 •15 

-· 25 4.000 • .00625 

• ~ •.1194 

61.981 

upper Umit: 15 + 7.S99 • 22.!99 

lower Umit: u - 7 .!99 • 7.601 

r, 
+-

"a 

rl 
+-

"I 

ThUI the difference between the two rates is between 7.6 and 22.4 with 95-percent conrJdence. Since this 
intenal don not indude zero, the rata U'e aipificantly dltferent at the 5-percent lewL 

. 
The confidence intenal for the diff'erence between two independent rates can also be euDy obtained 

flom the confidence intenala for each rate. If the confidence intel'ftla for each rate are 

rl :l: 61.981 fi .. rl :l: CL1 
"1 

r1 :l: 61.981 fi r1 :l: CL1 
"I 

• 

then the confidence interval for D • r 
1 - r 

2 
is 

D :l: I CL I . + CL I: · V 1 I 

• 

• ., 
• 

• 
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APPENDIX 4 

Warren County and Surrounding Area 

Waste Site Operation 

(Zip Code 63390) 
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APPENDIX 5 

TABLES 
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TABLE 1 

Resident Live Births, Birth Rates, Fertility Rates, by Surrounding 
Site, Warren County, Aggregate Counties,* 

and Missouri: 1980 

Surrounding Warren Aggregate Missouri 
Site County Counties 

Births 67 253 3314 78,588 

Birth Ratel 17.1 17.0 18.3 16.0 

Fertility Rate2 NA 81.3 79.8 71.0 

1Births per 1000 population • 

2Births per 1000 women age 15-44. 

Sources: Missouri Vital Statistics 1980; and unpublished data from 
Missouri center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles • 



-~ 

TABLE 2 

Number and Rate of Fetal Deaths by Surrounding Site, 
Warren County, Aggregate Counties,* 

and Missouri, by Time Periods 

Years Surrounding Warren Aggregate Missouri Site County Counties 

1977-80 

Number of 
Fetal Deaths 4 7 89 2,840 

Fetal Death 
Rate1 16.5 7.8 7.2 9.5 

1972-76 

Number of 
Fetal Deaths 3 10 122 4,078 

Fetal Death 
· Rate1 13.5 11.5 10.2 11.7 

1 Fetal deaths per 1000 live births. 

Sources: Missouri Vital Statistics; and unpublished data from Mis
souri Center=for Health Statistics .. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 3 

Number and Rate of Low Birth Weight Infants by Surrounding 
Site, Warren County, Aggregate Counties,* 

and Missouri, by Time Periods 

Year Surrounding Warren Aggregate Missouri Site County Counties 

1977-80 

Low Birth 
Weight lnfantsl 23 67 668 20,469 

Rate of Low 
Birth Weight 94.7 75.1 54.4 68.2 

1972-76 

Low Birth 
Weight Infants 1 21 75 797 25,466 

Rate of Low 
Birth Weight 92.5 86.6 66.4 73.2 

1Births under 2501 grams per 1000 live births. 

Sources: Missouri Vital Statistics; and unpublished data from Mis
souri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles • 



TABLE 4 

Number and Rate of Live Births with Congenital Malformations 
by Surrounding Site, Warren County, Aggregate 

Counties,* and Missouri: 1979 

Type (ICD-9- Surrounding Warren Aggregate Missouri 
CM Code) Site County Counties Total 

740·742 0 0 7 82 
743-744 0 0 2 99 
745-747 0 2 8 255 

748 0 1 1 40 
749 0 0 5 84 

750-751 0 0 6 167 
754-756 1 1 13 335 

757 0 0 4 165 
758 0 0 2 52 
759 0 0 3 40 

-------------------------------------------------------------------------
· Total Anomalies 2 5 64 .... 2,067 

Total Births with 
Anomalies 2 5 55 1,822 

Total Births 43 141 1,939 56,850 

Total Births 
with Anomalies x 

Total Births (1000) 46.5 35.4 28.4 . 32.0 

Sources: Missouri Hospital Discharge Data, 1979, from Missouri Center 
for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 5 

Number and Rate Perinatal and Neonatal Deaths by Surrqunding 
Site, Warren County, Aggregate Counties-,* 

and Missouri in Two Time Periods 

Years Surrounding Warren Aggregate Missouri Site County Counties 

1977-80 
Number of Events 

Perinatal 9 19 169 5,717 

Neonatal 5 12 80 2,8n 

Rate per 1000 live births 

Perinatal 37.2 21.3 13.8 19.0 

Neonatal 20.6 13.5 6.5 9.6 

1972-76 
Number of Events 

Perinatal 6 27 261 8,357 

Neonatal 3 17 139 4,279 

Rate per. 1000 Jive bir:-ths 

Perinatal 26.4 31.2 21.7 24.0 

Neonatal 13.2 19.6 11.6 12.3 

Sources: Missouri Vital Statistics; and unpublished data from 
Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles • 
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TABLE 6 

Number and Rate of Infant Deaths (Excluding Accidental or 
Violent Deaths) by Surrounding Site, Warren County, 

Aggregate Counties,* and Missouri 

1977-80 

Number of 
Infant Deaths 

Infant 
Death Ratel 

1972-76 

Number of 
Infant Deaths 

Infant 
Death Rate1 

in Two Time Periods 

Surrounding 
Site 

8 

32.9 

6 

26.4 

Warren 
County 

15 

16.8 

20 

23.1 

Aggregate 
Counties 

111 

9.0 

162 

13.5 

Missouri 

3,991 

13.3 

5,684 

16.3 

11nfant deaths per 1000 live births (excluding accidental or violent 
deaths). 

Sources: Missouri Vital Statistics 1976-80; and unpublished data 
from Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles • 

• 
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TABLE 7 

Number and Rate of Infants Born with Gestation Period of Less 
Than 37 Weeks, by Surrounding Site, Warren County, 

Aggregate Counties,* and Missouri 
in Two Time Periods 

Surrounding Warren Aggregate Missouri Site County Counties • 

1977-80 

Number with < 37 
weeks gestation 30 89 837 23,883 

Rate with < 37 
weeks gestation 123.5 • 99.8 68.1 79.5 

J 1972-76 

Number with < 37 
weeks gestation 18 68 834 28,756 

Rate with < 37 
weeks gestation 79.3 78.5 69.4 82.7 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles • 

• 



TABLE 8 

Number and Rate per 1000 Live Births with 5 Minute Apgar Score 
< 8 by Surrounding Site, Warren County, Aggregate 

Counties,* and Missouri: 1978-80 

Surrounding Warren Aggregate Missouri Site County Counties 

Number with Apgar 
Score Less than 8 10 29 313 10,812 

Percent with Apgar 
Score Less than 8 54.6 42.8 32.8 47.6 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

• 

~ 

• 



•• 
I 

• _, 

• 
,.._. 

TABLE 9 

Number and Rate of Malignant Neoplasm Deaths by Surrounding 
Site, Warren County, Aggregate Counties,* 

and Missouri: 1979-80 

Cause (ICD-9 Surrounding Warren Aggregate Missouri 
Category) Site County Counties 

Number of Events 

Digestive (150-159) 1 7 96 4,956 

Respiratory (160-165) 1 8 121 5,440 

Leukemia (204-208) 0 0 17 789 

Other Sites 10 31 200 8,606 

Total (140-208) 12 46 434 19,791 

Rate per 100,000 population 1 

Digestive (150-159) 25.5 40.3 53.0. 100.8 

Respiratory (160-165) 25.5 53.7 66.8 110.6 

Leukemia (204-208) 0.0 0.0 9.4 16.0 

Other Sites 255.4 208.1 110.4 175.0 

Total (140-208) 306.4 308.7 239.5 402.5 

Source: Missouri Center for Health Statistics. 
·/ 

*Aggregate. counties include Warren, Lincoln, and St. Charles. 

11980 population used as denominator • 
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TABLE 10 

Number and Rate of Hospital Discharges for Malignant Neoplasms 
by Surrounding Site, Warren County, Aggregate Counties,* 

and Missouri: Annual Average, 1979 

Cause (ICD-9-CM Surrounding Warren Aggregate Missouri Category) Site County Counties 

Number of Events 

Digestive (150-159) 3 16 101 5,696 

Respiratory (160-165) 1 8 121 5,305 

Leukemia (204-208) 0 0 32 1,138 

Other Sites 16 51 476 22,264 

Total (140-208) 20 75 730 34,803 

Annual Rate per 10,000 Population 

Digestive (150-159), 7.7 10.7 5.6 11.6 

Respiratory (160-165) 2.6 5.4 6.7 10.8 

. Leukemia (204-208) 0.0 0.0 1.8 2.3 

Other Sites 40.9 34.2 26.3 45.3 

Total (140-208) 51.1 50.3 40.3 70.8 

Source: Missouri Center for Health Statistics, 1979. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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- TABLE 11 

Number of Selected Primary Diagnoses of Hospital 
Discharges by Site, Warren County, Aggregate 

Counties,* and Missouri: 1979 

Cause (ICD-
9-CM) Category) 

2771 

284 

3577 

4781 

4930 

501 

502 

503 

504 

584 

585 

.. 9890 

9892 

9893 

9894 

9895 

9896 

9898 

9899 

Total 

Total Discharges 

Surrounding 
Site 

Warren 
County 

Number of Events 

0 

445 

1 

1 

1 

1 

4 

1,732 

Aggregate 
Counties 

2 

6 

2 

1 

2 

14 

1 

2 

4 

2· 

36 

15,970 

Missouri 

23 

297 

6 

233 

164 

10 

11 

3 

3 

177 

1,018 

3 

4 

27 

41 

299 

2 

30 

10 

2,361 

651,736 

Source: Unpublished data from Missouri Center for Health Statis
tics • 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
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TABLE 12 

Number and Rate of Infant Deaths 1 (excluding accidental or violent deaths) by 
Surrounding Site, Warren County, Aggregate Counties,* and 

Missouri by Years, 1972-1980 

1972 1973 1974 1975 1976 1977 1978 1979 1980 

Surrounding Site ,. 

Accidental 0 0 0 0 0 0 1 0 0 
Non-accident 2 2 1 0 1 1 1 3 3 
Infant Death Rate 58.8 40.8 20.8 00.0 21.7 16.6 18.8 47.6 44.8 

Warren Count~ 

Accidental 0 0 0 0 0 0 1 0 0 
Non-accidental 5 4 5 4 2 5 2 3 5 
Infant Death Rate 27.9 28.5 27.6 22.4 10.6 23.4 9.6 13.8 19.8 

Aggregate Count~ 

Accidental 1 1 2 1 1 1 1 0 1 
Non-accidental 36 36 32 38 20 34 25 26 26 
Infant Death Rate 15.0 15.0 13.2 16.1 7.9 12.3 8.3 8.0 7.8 

Missouri 

Accidental 54 52 41 35 26 31 36 39 32 
Non~accidental 1275 1167 1128 1088 1026 1007 1043 1003 938 
Infant Death Rate 17.6 17.0 16.2 15.8 14.9 13.8 14.4 13.2 11.9 '•· 

11nfant deaths (excluding accidental or violent deaths) per 1000 live births. 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln and St. Charles. 
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TABLE 13 

Standardized Mortality Ratio* of Malignant Neoplasm Deaths 
for Aggregate Counties and Missouri: 1979 and 1980 

Aggregate Counties** Missouri 
Neoplasm 
Sites 1979 1980 1979 1980 

(ICD-9) SMR SMR SMR SMR 
<x2 (1)) <x2 (1)) <x2(1)) 

Digestive .655 1.032 .996 1.000 
(150-159) (6.56)+ (0.06) (0.04) 

Respiratory .911 .955 1.008 1.000 
(160-165) (0.49) (0.14) (0.17) 

Leukemia .863 .926 1.078 1.000 
(204-208) (0.18) (0.05) (2.29) 

Other Sites 1.112 .847 1.026 1.000 
(1.24) (2.49) (2.78) 

All Sites .935 .925 1.015 1.000 
(140-208) (0.96) (1.37) (2.28) 

*Computed using the 1980 Missouri specific rates as the 
standard. 

**Include Warren, Lincoln, and St. Charles Counties. 

•significantly different from the standard (Missouri, 1980) 
at • OS level • 



TABLE 14 

Standardized Ratio of Malignant Neoplasm Hospital Discharges 
for Aggregate Counties: 1979 

Neoplasm Standardized Standardized 

Sites Morbidity Proportional Relative 

(IC0-9) Ratio* Morbidity** SMR*** 
<x2 (1)) Ratio 

Digestive .768 .851 .902 
(150-159) (7.08)+ (2.63) 

Respiratory .948 1.163 1.114 
(160-165) (0.34) (2.75) 

Leukemia .918 1.019 1.079 
(204-208) (0.23) (0.011) 

Other Sites .845 1.000 .993 
(13.62)+ (0.00) 

All Sites .851 1.000 1.000 
(140-208) (19.00)+ (·--) 

*Computed using the 1979 Missouri age-specific morbidity 
rates as the standard. 

**Computed using the 1979 Missouri age-specific proportions of 
all neoplasms as the standard. 

***Computed dividing SMR of. specific neoplasm by SMR of all 
neoplasm sites. 

+ Signlflcantly different from unity at . OS level. 
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Time Series 
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Time Series Analysis 

The problem of assessing the impact of a discrete intervention on an 

environmental or social process can be conceptualized as quasi-experimental 

time series as suggested by Campbell and Stanley (1966). In this concep-

· tualization, an intervention (establishment of a dump site) breaks the time 

series into two segments, pre-intervention and post-intervention series. 

The null hypothesis that the intervention had no impact on the time series 

can be tested by comparing the pre- and post-intervention segments of the 

time series. 

While the conceptualization appears to be simple, the statistical analysis 

of quasi~experimental time series requires careful deliberation considering 

the nature and scope of the data. Ordinary least-squares regression esti

mates which assume uncorrelated adjacent error terms are seldom well suited 

for time series data. When the structure of seria~ dependence is known, 

the difference between pre- and post-intervention series levels may be 

estimated from a generalized least-squares model. However, this approach 

is of limited use, since the structure of serial dependence is seldom known. 

A more practical approach is empirical modeling of serial dependence as a 

time series process. In any time series, there may be three sources of 

11 noise11 which could obscure the ·intervention:· ( 1) trend, seasonality, and 

random error. The analysis will be confounded if the model does not ac

count for these types of "noise.•• For the purpose of accounting for all 

three types of "noise, 11 the general class of Auto Regressive Integrated 

Moving Average (ARIMA) models can be used. [The use of ARIMA models 

• for analyzing time series quasi-experiments is suggested by Box and Tiao 

(1975).] Once these sources of variance have been modeled, the impact of 

an intervention can be tested and me~sured. 



,.--...., 
The problem of building an ARIMA model for a time series is not a • routine task. Unless the AR IMA model is statistically adequate and par- '\ 

simonious (or substantially meaningful), its application will lead to invalid 

inferences. The model building strategy calls for an lnterative procedure. 

First, a model should be identified based on the autocorrelation and partial 

_ autocorrelation functions, parameters need to be estimated, and then the 

model should be diagnosed for statistical adequacy examining the model 

residuals. If the model is not satisfactory, it is necessary to return to the 

identification stage to explore other possibilities. For example, the series 

is non stationary, it needs to be differenced. There may be many AR IMA 

models which will fit a time series, but only one of these models will be the 

most parsimonious for the given task. The model buflding therefore re· 

quires not only statistical expertise but also thorough understanding of the 

nature of the time series process and the intervention. 

Once a proper model has been built this model can be used for impact 

assessment. If addition of the intervention component to the model in

creases the explanatory power of the model by a statistically significant_ 

quantity, we may conclude that· the external intervention has had a statisti

cally significant impact on the time series. The intervention component can 

be specified in several distinct functions. We think of the .impact in terms 

of two characteristics: onset and duration. An impact on a time series 

may be either abrupt or gradual in onset and either permanent or tempo· 

rary in duration. Based on these characteristics four patterns of impact 

can be conceptualized. Based on the nature of the problem, we can select 

one of these impact patterns, so the null hypothesis will concern not only 

the statistical significance of an impact but also on its form. Considering 

the nature of our problem,_ it is reasonable to test for a gradual, permanent 

impact. 
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Year 

1980 
1979 

1978 
19n 
1976 
1975 
1974 

1973 
1972 

Resident Live Births by Surrounding Sites, 
Warren County, Aggregate Counties,* 

and Missouri, 1972·1980 

Surrounding Warren 
Site 

Number Number 

67 
63 

53 
60 
46 
50 
48 
49 
34 

253 
216 

209 
214 
188 
178 
181 
140 
179 

Aggregate 
Counties 

Number 

3,314 
3,211 

3,009 
2,755 
2,539 
2,364 
2,423 

2,293 
2,392 

Missouri 

Number 

78,588 
76,056 

72,654 
72,957 
68,781 
68,442 
69,412 

68,605 
72,597 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and 
St. Charles. 

• 

.. 
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• 
Number and Rate* of Live Births Under 2500 Grams by 

Surrounding Site, Warren County, Aggregate 
Counties, and Missouri 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* · Number Rate* 

1980 8 119.4 22 87.0 189 57.0 5249 66.8 

1979 5 79.4 13 60.2 184 57.3 5102 67.1 

1978 6 113.2 15 71.8 153 50.8 5073 69.8 

• 1977 4 66.7 17 79.4 142 51.5 5045 69.2 

1976 3 65.2 11 58.5 147 57.9 4997 72.7 

·--' 1975 3 60.0 19 106.7 170 71.9 4949 72.3 

1974 5 104.2 18 99.4 161 66.4 5156 74.3 

1973 5 102.0 16 114.3 151 65.9 5006 73.0 

1972 5 147.1 11 61.5 168 70.2 5358 73.8 

Source: Missouri Center for Health Statistics. .. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

**Rate per 1,000 live births • 

• 



• 
Number and Rate* of Fetal Deaths by Surrounding Site, 

Warren County, Aggregate Counties,** and 
Missouri, 1972-1980 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* Number Rate* 

1980 0 0.0 0 0.0 13 3.9 680 8.7 
1979 1 15.9 1 4.6 34 10.6 693 s~·1· 

1978 2 37.7 3 14.4 20 6.6 719 9.9 

1977 1 16.7 3 14.0 22 8.0 748 10.3 ., 
1976 0 0.0 2 10.6 21 8.3 750 10.9 
1975 1 20.0 3 16.8 30 12.7 788 11.5 ' . 
1974 1 20.8 2 11.0 29 12.0 848 12.2 
1973 1 20.4 3 21.4 25 10.9 812 11.8 
1972 0 0.0 0 0.0 17 7.1 880 12.1 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

*Rate per 1,000 live births. 

• 
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Number and Rate* of Perinatal Deaths by Surrounding Sites, 
Warren County, Aggregate Counties,** and Missouri, 

1972-1980 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* Number Rate* 

1980 1 14.9 3 11.9 32 9.7 1320 16.8 

.1979 4 63.5 4 18.5 54 16.8 1416 18.6 

• 1978 3 56.6 5 23.9 34 11.3 i498 20.6 

1977 1 16.7 7 32.7 49 17.8 1483 20.3 
1976 0 0.0 3 16.0 37 14.6 1497 21.8 

J 1975 1 . 20.0 6 33.7 59 25.0 1596 23.3 

1974 2 41.7 7 38.7 62 25.6 1711 24.6 

1973 2 40.8 6 42.9 56 24.4 1689 24.6 

1972 1 29.4 5 27.9 47 19.6 1864 25.7 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

*Rate per 1,000 live births • 

• 



• 
Number and Rate* of Neonatal Deaths by Surrounding Sites, 

Warren County, Aggregate Counties,** and Missouri, 
1972-1980 

Surrounding Warren Aggregate Missouri 
Year Site Counties 

Number Rate* Number Rate* Number Rate* Number Rate* 

1980 1 14.9 3 11.9 19 5.7 640 8.1 

1979 3 47.6 3 13.9 20 6.2 723 9.5 

1978 1 18.9 2 9.6 14 4.7 779 10.7 

1977 0 0.0 4 18.7 27 9.8 735 10.1 ~ 1976 0 0.0 1 5.3 16 6.3 747 10.9 _, 
1975 0 0.0 3 16.8 29 12.3 808 11.8 '} 
1974 1 20.8 5 27.6 33 13.6 863 12.4 

1973 1 20.4 3 21.4 31 13.5 877 12.8 

1972 1 29.4 5 27.9 30 12.5 984 13.6 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 
·- \. < 

*Rate per 1,000 live births. 

• 
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Number and Rate* of Births of Gestation Under 37 Weeks 
Surrounding Site, Warren County, Aggregate 

Counties,** and Missouri, 1972-1980 

Year Number Rate* Number Rate* Number Rate* Number Rate* 

1980 10 149.3 28 110.7 223 67.4 6344 80.7 

1979 11 174.6 23 106.5 227 70.7 6000 78.9 

1978 6 113.2 16 76.6 199 66.1 5926 81.6 

1977 3 50.0 22 102.8 188 68.2 5613 76.9 

•• 1976 2 43.5 10 53.2 180 70.9 5831 84.8 

1975 4 80.0 17 95.5 165 69.8 5474 80.0 

1974 6 125.0 19 105.0 174 71.8 5592 80.6 
,J 

1973 4 81.6 9 64.3 164 71.5 5685 82.7 

1972 2" 58.8 13 72.6 151 63.1 6174 85.0 

Source: Missouri Center for Health Statistics. 

*Aggregate counties include Warren, Lincoln, and St. Charles. 

**Rate per 1000 live births • 

• 
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APPENDIX 7 

Method and Use of SMR and SPMR 

Analysis and Interpretation 



• JIL( .i;;R ANALYSIS OF QUALITATIVE DATA 
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~ml/y~ .P Sl~J,-!d /I~~A : 
#~ ~ /l?~~~d ~ .... ~. 

~ ()E--/Jh~~ /f7¥,-fr'.Utf- · 
'3'11. 

' • 
• IDe same 1n eac:h case. . ··-· . ..;. -· -.--·1 

IND(RECT METHOD 

This method is more easily thoupht of as a comparison of observed and 
expected deaths than in terms of standardized rates. In the special 
population the total number of d~aths observed is l),. The numhcr of 
deaths cxpcc:ted if the ap:-spccilic death rates were the same as in the 
standard population is rn,P,. The overall mortality c~pcriencc of the 
special population may be expressed in terms or that or the standard 
population by the ratio or observed to expected deaths: 

l)· 
M • 't" p . ( 12. 22) 1..n1 1 

When multiplied by 100 and expressed ns a pcrcentatre, (12. 22) is 
known as the Stmulardi;af Atqrtqlio• Rgtfq (SM R l 

To obtain the variance of M we c.1n use the r~sult var(r,) • ,,p;q,, and 
reg.ud the ,., as constants wiahoul any samplins Huctuation (!dau:e we 
shall oflcn waut to compare one SM R with :mother usin(! the s;an1e 
standard population; in any ruse the standard popul;•tion will often be 
much larscr than the 5pec:ial population, and var(Pf) will be much 

SF.CTION 1!.6 

smaller th:tn \"arlt••ll· Thi~ ~i,·es 
~ .. r( ,, ) ,.,. ,_,,,.,,,, 

'·' . \" I' ·• . ••. .l" ;J· 

As U40tml, if the P• ar~ sm;all, q,cl and 

' l:r, 
\'ar(.\t)c(,. p )"'' 

.:.,.Ill I ~ 

( • •• 
•• 

l. 1 
• )I' 

(12.23 

U:! .. 24 

If lhc purpo!Oc of c:1h:ulaling var(AI) is lo ~e whclher M diiTer 
si!!nificantly fmm unity, var(r,) could he taL:en as n,!•,Q,, on th 
a-.suma.,litln that p, dill~r~ from a popula~tion value P, by samplin 
nm:ltmtions. If il(!tlin the ,,, ilfe small. and Q,cl, \\·e IM\'C 

~,,p, I 
var(MJ=- i=" /');.•"- p• (._,, ' - L"' ' 

the recirrocal of the total expected dcalhs. Denoting the numerator and 
denominator of ( 12. 22) by 0 and E (for "observed' and 'expected"), an 
approximate si@nificance lest would be to regard · 0 a~ following a 
l1oisson distribution with mean E. If E is not too ~mall. the normal 
approximation to I he Poisson leads to the usc of V' n,! If il5 a 
sa;mdardized normal deviate, or, equivalently, (0- £)"!f E as a x;

11 
variate. This is. of course. the familiar formula for n x~11 \·ariale. 

•:,ample: ll.IO 

Tahlc 12.10 ~hows some occuraaiunal mt,rl:ality d;saa. " li.:M in which I he 
SMR ·is lradiainn;elly used. The srcci;alrorulalinn i'i thai nf l'armc:h in I9.SI, 
a~c:d 20 In 65 )•enrs. The sl:tntlard r!lrulalinn i-. lhal of :ell m:tiC:> in these :lf!C 

cmurs, whclhcr occ:urietl or relirc:d. Dcalh!i ur l~anncrs ewer a s year rcriud 
arc used tu heir reduce the ~unrling errors. oand the uh.;cr\·c:tl an,l e'rcctcd 
numhers arc ClJlrcsscd on a S year bil!>is. 

The SMR is 

and 

and 

(100)(7,67K)_ 69·8 p:r c.:nl, 
IOOAI• II ,OOS 

var(SMRJ•IO• var(M) 

(IOit(7.C•7K) 
>a 

( lt.OIJ~J:: 

.... o f•J.I. 

f~Ctnl (12. :!.a) 

SE(SMRJ-0110 rcr~ fJ" ~~ .. ~ 



••• juRTIIHt ,\NAt\"SIS or QUAI.ITATI\'1:: 0.\T.r 

·r \Ill t I!. Ill 1\t••••••lity ,,r (;un~rs i1t l:nf!l;md an&l W.1h:t, 
1•1-1'1 .H. in """'l'il"""' "tlh thai ,.r Ill\: mal..- l"'l'"lo&lttlll. 

·---·-----· - ···-···------------- ----
••• (lit (iuJ li\) 

Annual 
.1~.11h 1 ale Farm.:r,, l'kalh) uf lkalhs 

per Uki,IIUU, I 'JSI ~.:n""" fatm.:rs C:\11'-'\:I,·J in 
illl male, I" •rul.111un I'J4!1--5l live )"c:.ars 

A g.: CI'J-I'J SlJ 5k(iJx(iUAI01 
; !1',, I~ "• ,, n;P, 

.:!0-
~~···· 3,4atl 17 " .:!S-· l!i!·S J••.nv . .:!K') )Ul 

lS- !1!11·4 ,.~.7··· 7J1 9!1 
.as. IJif•· ~ n .. nc. 1.9'111 ~.994 
SS-64 ~.)1.:!·4 Sll,!!t• 4,571 lt,7l! 

--··------
7,ft7ll II,OOS 

- ' -Suur..:.:: ltc:gi .. lrar G~•~ral's lk"\:.:nnial Supplc:mcnr, En1land and Wales 19S I, 
Oc.:~upaliunal Murlalily, Part II, v,,r. :! (19SIU. 

The l»moalln~:o.:i uf the saandard error of the SMR in Example 12.10 
is typil::1l of mu4:h vilill stali)tkal d:llil, and is the reason why sampling 
errurs are ofa.:n iynon:d in thi~ typ.: of work. lnd«."\:d there are probll:mS 
in the interprctaaiun of occup:uiun:1l mortality statistics which often 
overshad,tw Silmpli•~s errors. For .:'ample, occupations may be less 
reliahl)' Mated in censuses limn in the n:gi)lroation of deaths, and this 
may lt:ad to bia~s in the estimated dc:nh rates for certain occupations. 
Even if lh~ daaa arc wholly rcliiabl~. it is not clear whether a particul:arly 
bia;h or low SM R for a certain '~cup;nion rc:Jkcts a .health risk in I hat 
OC\:Uf'ali••n or a tendency for selective proups of peuplc to enter it. 
In Exama.,lc 1.2. 10, for exainple, the SM R for farmers muy be low 
b:c:inas.: f•arming i) hcahhy, or hecau~ unhc:1hhy people arc unlikely to 
enter fanning or •m: more likely to lca\'C it. Note also almt in the: lowest 
a!!e a;rt.lUp then: i) ;an , •. \.,., •. u uf dc••ths ;among farmers (:S7 ob!ierved, 55 
expech:d). An)· methud ,,f )timdardi1a1ion «.'ilrries the ri!iik of over-simpli
fication, :md the in\·clati~:llor lllhould always compare: :.ge-spc:cilic rates 
lll sec \\hcther the-contrasts b:twc.:n poa,ulations \':try gn~ally with ilge. 

The mcthucJ of indircel )t•md.ardil:lliun i!ii \·cry l»imittr 1\l llmt 
de~ril~cJ ••!II the cumllari)dll of ,lb)l.'r\''-'d illld e~flCt:lecJ frequ~n"·ic!ii on 
p. 37.2. ln,lccd if, in the compari:o.,,n ufl\\o !;roups, .·1 and O,thc standard 
popular ion were delined as the pooled popul:uion A+ B, the methods 

... , 
.. ) I SECTIONS ll.6 A • ._ l ) 

would he precisely the san1c. It was slated on p. 372 that the a1 
siynifk:tna: tet~t for the comr:arison of tlbscrvcd and c~p 
qucncics was Ctl4:hran's t~st (p. 371), and we have s..oen (p. 
Cuchr.an's lest is equi\·alcntto a ct.,mparison of two tlir.:t't-sla 
nues. Then: is thus a very cfo)C relationship bc:lwccn the 4 

indirect m.:thOds when the st;mdard populallion is chosen to t 
of the two sp.:cial populations. 

11.7 GOODNESS OF FIT OF FREQUENC 
DISTRIBU1'10NS 

It is ofh:n useful to regard a random variable as following a 
distributional fonn; common examples are the normal, bin~ 
Poisson distributions. The observed frequencies at different 
in dilfercnt grouping intervals, of the variables will not ~ 
those expected b)' theory, and the question arises whethe1 
crepancy between observc:d and expected fn:queneics can 
explained by samplins fluctuation. 

In the examples mentioned above, a theoretical probabilit~ 
lion can be fitted by using certain simple statistics calculated 
d:tta. For a normal distribution, for instance, we need to est 
mean p. and variance o.Z by the: sample mean ~ and estimate o 
s: (after application of Sheppard's correction if n«cssary) 
binomial the parameter " is estimated by the sample mean ; ( 
" (using the notation of section 2. S). For the Poiswn the pa1 
is estimated by .t (sec section 2. 6). Exp..octed v;alucs of the: fr 
can now be calculated, from exact formulae in the case of the: 
:md Poisson di~tributions and from tables in the case oft~ 
di:)tribution. . 

Suppose I he frequency for any value or srou11ing interval i 
by o,. :and the Cllfl\.'Ctc:d value by £,. Then if Ea is a samail fr.act 
n'-'rmal fn:quency, the rnndom variation of o, abt.lul £1 is appr' 
represented by a Poisson distribution. Unless E, is qui 
( o,- Ei)/ v' E, can be taken as approximately a :atandardiz, 
d~\·iate, and (0,- £,)2/Ea as a x;., variate. If there: were k 
qu.:ncies, and if all the devi&ations o,- £ 1 were ind.:1tendent, 
exp.:ct frr>m the general theory of section 3. 4 that th~ lamili· 

X! • y (_O, -l.~,J' 
- Ea 
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l94 ( 1\l'rPF.R AND lli:I.EISBAt'!\1 

4. Tt:ITISC "· WilES "• IS FOil!\IED fllO)I THE TIIS1 POPULATIONI 

Whm ,eJ u uf the (urm (2.2) 10 th•t th~ '""'timate uf S:\IR(i) is1ivcn h)(2.J). 
the pr,..: .. odurc (nr tc~tinR //• dt·(ll·nd~ un the rdatiun•hillll nprcut'CI in lhe W. 
lt••·inJE k·mmihl. 

LDUIA 4.1. ,..,,., fl.; lidS ,,, .fwlll (2.:!), ,,,., r:. ' ... Sl\IR(i) -- I, -·"'· 
,.. 'r'r "' II; ·.; -J a 11., fl•; -· l ,;,..; l H" /'u; • 

,.,,.')·. I." rom ( 1.1 ). 

,. ,. .. . ,. .. ' 

~ cl, S:\llt(i) ' ~ (l n,; floj r I: H;; fl,;) 
•• 1-lil .li41 

r I· 

, L \ ~ ,,. fl.,) 
· I 1 I 

r ,. 

L l If;; flol I 

I 1 -I 

and tlw n•~<ult then fnlluw:; hy using (:!.:!). 

I.E:\1\U 4.:!. 11'1,.., p,, /w$ tilt f•rm (:!.:!). tht·n S:\1 H.{ I) - S:'\11((2) 
S:'\IK( /') if tmJ Iliff_,. ~( tlu·t«' is a s11b;rl ,/ ( /' - I) :-\:'\11{ 's ,,1/ rq11ul tel u,,., 

... . 

J•,.,,,f. U S:\IR(I) ·-~ S:\11{(:!) :::-.. ... -- S:'\IH(p) =-= p, »ay, tht·n, (,,.,.. 
J.cmma4.1,pl:~ ,,, ,_, - psinccr:·_ 1 o; '~ l.lfthcreisasubsctuf(p--1) 
S:'\IR's all equal to one, tht·n, takin~; this sub~t tu bt= the first (p- I) S:\llt'-. 
it folio"' rrnm Lcnma;~ 4.1 that 1:~~11 tl; 1 o,.S:'\m(p) =I, or Si\IR(/')
(I - r.:· ;1 tl,) a • · 11 ,.!a,. " I. This '-'ntUtlletes the ('roof. 

l~nl:\1.' 4.3. l.rt ...... r: I lf;;rr.-,(/'., - fi,·J)/11.; and define II', •• 
or• II' . ., I .., 1-1'· I ;;' • I, I " • _, ... , p. 

1'1tr11, 

(i) II';, ""' --II',·; tiiiJ II',;· :-. 0 if i ::.. i', 

(ii) ~-· II'; = o. 
(iii) "'"" ,eJ h11s tlrr for, (2.2), S:\1 R(i) ::i:: I if arrtl 011/y if II', •·• 0. 

i-= I, 2, ... ,p. · ... . , .. .. 
Proof. (i) 1'ri,·ial. 

(ii) 1::., fl', = r.:~a r.;., •iJPu - 1::. __ , r; .• ,,.,,,., = 0 . 

• 

ON TESTINC ntE lQUALITY OF IMII'i ~ 
Uainc (1.1) and (2.2), \\'C have 

~ 5!\IR(i)- I ;'" ( f lt;I/'•Jit. n,;Pe~)- I 
, 1. I 1 I 
' ' 

... 
, [ c r . p 1 • )]/• -- r ,,, '·~ - r ·~~ (I: ,,., ,,.; I: .,., r • ., h; 

I I 1 l t"• I f'. l · 1•1 

; (f n,; (f "•';/',;- f n,·;/1:;)/n.;]/f 11;1 f'e, 
• I 1' l · .t' I . 1 I 

·· · f l f II;; n,·~(P, - P;·~) "·~ )/ f 11ii p., 
i" · I ;. -I 1· I 

~ r I r > u-... i r ,., 1' .. 1 .,.:. w,, I: ";; , .... 
,~1 ' ;:·, . I i• I 

nit complch.'ll the proof. 

Su, •hl·n /'o; is ;,f tht· fotrm (:!.2). it (nllnws (rum Lt·tnmJ 4.2 and from 11art (iii) 
~ Lnnma 4.3 thilt tc:sting the hHtuthc~till that ~:\lit( I) :: .. S:'\llt(2) 
tlll(ftX ·~I) ur tltat 1'(1) ; /'(~) ·- ... -. f(fl){-·-"0 ) is cqui,·alent tn testing 
1&r lln•utlu~j;is that II'; -··· 0 fur t'\"c.·ry i, i - I, 2, ... , p. The :ll'ttrotlriatc test 
teatic fur this latter hytlothc.-is i~ 

7'"l , W'C'(Ctc')-• c\\1. 

..c w· •nd :!: arc the estimates .... w· :·: (II', .......... II',.) and 
I. ((tU\"(If', • rr· .. )))~.·-I uhtJincd h~· tmtting P;; fur/'.; • and where: c is t:i):.Cil 
11J(l.l). (Fruin parts (ii) ami (iii) uf l.t.·numl 4.3, it (ullnwM that nne c:an alt~·r
~•rly usc fur C tht· malrix uhtainc,l h)· ddeting '"')' unc "'" ... r the idcntit)' 
-:ria of nnlt•r fl.) Tht• statiaoti\: 1': ill ill'l""ximatdy di$lrihub:d il!i a C'-"lllral x"l 
'rilte with ( p -- I) d~'t;"-"-'S uf frt•cdnm when the h~·puthcsillthat W ~- 0 is true. 
,lhe dctcrminiltion uf the clement~> uf J: is sumc:wluat tedious but $tr;aight· 
---• In 11articular, 

• • 
CU\'(If';. If';') -== L I: CO\'( If'., I ,,.i'l') 

' ·I , •. l 

lllllllttvalu:.to••l din:Ctl)· frum the fulluwing (urmulac (!iCC part (i) of l..cntma 4.J): 

-·· 

. . 
-.. 

·-.. 
···~ 
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IWPPFR ASb 1\Lf.f~D.\V)f 

;J..:._ ... ._.. 

~-~;) ·~ 
• -,·. rs N 

c:nv( rf·,,. rf· .. ,., _, 0 if ,·it her ; ,_, '· i' _.., r. Clr hnth, or if;, '· i' and r ., ... diii'C'rc:nt; 

an11f~,. rf>d · --c .. ,·crl:,. rt·,·,·) . ., -c:m·crr·,;. rf:·,·) = c:nv(rr~,, rf·,·.·). 
t 

CO\( Jf·,,, Jf•,,.) ~-' r lft,ll1li1•J />;J(f -- j>,.)/11~ 
Jnl 

if i, I and I' ar,• :Ill t.lifft·n:nt; :and. fur; ._ I, 

,.,Ire,;-,,> _ f _,;<!L [-!!!. ~!_.-:_e!•L :. ~·!(! -- ~'!!LJ - ,. " . 
I I •I ,, "tJ 

rur th«.- Sll\'Ci:tl C:ii:!IC! /' = :!, the lest ~tatistic: takt"S the form ff':
1
/\·:ir( Jf'

11

t, 
"hicla i:o :appruxim:ud~- t.listributt·t.l as x1! whc:n S~IR(I) :--. S~llt(2). Thi:o~ ,._ 
ha:~ llt't'n studi,·d h~· l'uchran (195-1) and fJuad.._. (unpublillht-d). 

l'nfurtunatd~·. the ahun- prucnlurc cannot he UliCd to test the J;t·nn•l 
h~ l'luthe:~i:~ 11. giwn h~· ( 1.2) ""''" k i~ to he strictly less than p. To illu:.lt•l« 
the ditlicult~·. t·nnllitlt·r tht• Cilllt· wh.:rc k ·'. 1 <I' :and we wish ru ,, .. 
II,.: S~IJ((i1 ) · .. , S~JI~(i!). Tllt'n, hccau>~t: I' cXC:t:t-d~ k, we cannnt claim th.11 11 ... 
h~·r,utla,~;,. is ClJuh·alt."ut In the hyputllt~i:S that lf'i

1 

. 11·;, ,_, 0, which i11 nn:n
!iilr~· fnr tht: tt·st statistic 1~ tu he apprupri;Uc. 

One c;an artp;u,..ntl.'· get :arnund this obstacle by deciding to fnrm tht· I"'""''' 
l'>landard u:.ing •ml_,. the k kst puputniun~ whu,;c S:\JI~':o :arc to he c.·uml'.11c-d 
I lfiWncr. il$ c;m ..... ltl'l'll r ....... (:!.1). this ch.m::c.·s tile ,,,.sic: structure of the.· S.:\1 rc-. 
under tc.-t and :.u rtjt·criuu uf ( 1.1) in thi11 &:a!14: dc,....s tlut nc.ocess:aril)' imaol~ 
rcjc.--c:ticm wlat:n tlac ...... ,J,.,, ;,tandard i11 hasc.·d un :all I' tt'St 11opulatimas. ;\nutLet 
:1ppruac:h, which tlctt~ not call for a mudilic.·aticm uf the stant.lnd tu suit tl1t" lc-,., 
i11 suggc.,.tcd by the findings in tl~t· llc.\:t !lt--c:tiun. 

.S. Smu: I~XPFRiar~:!I.·TAL RE:;t:LTS 

Cornput~r rrocrams han: been prepared which c:illc:ulate SMR's and in~ 
rates for p ... ~ 10 pupulatiuns and c ·-; 20 catt-gories. On~ of these progr:at .... 
-·rirt~n in Fortran n· fur tht: ID:\1 360 cumputcr at the Tri;anglc Unin·natt 
Compuratic.n Center rrlJl'C) and the other ira Tin~e-Sharing Fortran fur,., 
CaJI-A-Comput~r S)'llf~m. These programs allow ria~ user to specify the ttan_._. . I 

' • h a· the CCII · popu at1on or to •~truc:t t " computc:r tu form the standard by poo '"I JJ ' 
pGJIUiations. 'fhe u:wr of either program nt:l)' test hypothc:sa of the forna (I · 
aa d~hftl in Scctiona; l and 4. ...1 

'fhne rrUBram• -·ere USt-d to compare the two tc:st procedures prncn. . 
in this papc:r in tlae situatinn where the :.t;and:~rd pnpulation is formed by ~-

.. 

-.:. .... , .. 
~ 

J: 
. •;_: 

~ 

0~ ThTINC Till F.QUALITY OP 1~1'1 

~ 1'ADU: I 

.: . , ........ ,.of T1 •••d r, Obtained br 'l'atin• 11, for. • I "'hwt the Standard 
i• 1.-om•«'d b)· Puotinar the Tnt Population, 

'-'brr o( Popul;•tion• p 
"1"'-.. mc:t .. r, 

29'J 

'·'Carr~" r. - ---· . ----- .. 
:! 

21-~136 2 
----------·--- -·· ···---

! 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
:! 
2 
:! 
2 
J 
3 
3 
3 
3 
3 
3 .. 
4 .. .. .. 

4 

16.9.146 
21.~930 
10.~76 
10.4:!11 
1.7J7J 
J.III9S 
7.66S9 
O.ISIJ 
O.O.HS 
1.2110 
0.13116 
1.46114 
1.91118 
0.187;! 
I.Joo'. 
1.4704 
0.20119 
0.44.14 
O.SS:!:! 
2.:!tt8S 
0.001;! 
0.0361 
2.611.1) 
0.0016 
3.$49$ 
8.1122 

10.4$~1 
2.$1.U 

10.6-IBJ 
17.05$8 
:!1.6299 
21.9671 
20.31$9 
16.6307 
7.1490 
9.7703 
3.6639 

21.7U7 
17.4983 
21.6QCU 
10.1884 
10.827S 
1.7946 
3.2292 
7.JOJS 
O.IJJ3 
0.0476 
1.2481 
0.14$0 
1.44.17 
t. 9tJ(I.S 

0.1947 
l.!:t28 
1.446:! 
O.:!IJI 
0.42'16 
0 . .5102 
2. 14.S.S 
o.oo.u 
0.0466 
2.7078 
0.0016 
J . .Sfti.S 
7.8162 

10.1670 
2.4496 

10.S6.st 
17.6127 
21.9669 
24.6090 
20.9092 
16.4$.57 
7.0270 
9.6681 
3.66S6 
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COMPARISON OF THE PROPORTIONATE MORTALITY RATIO AND 
STANDARDIZED MORTALITY RATIO RISK MEASURES 

PIEJUI.E DECOUPL£,• TERRY L. THOMAS' AND LINDA W. PICKLE' 

Two commonly uaed measures of dift'er· 
entia! mortality risks in epidemiolopc 
studies are the standardized mortality 
ratio (SMR) and the proportionate mortal
ity ratio (PMR). The SMR is the statistic 
of choice when the population-at-risk by 
age, race, aez is known. It provides infor
mation on a study group's overall risk of 
dying as well as risks for specific causes of 
death. On the other hand, the PMR is a 
tool for estimating cause-specific risks 
when the available data consist only of 
deaths without knowledge of the charac· 
teristics of the population from which the 
data came. A proportionate mortality 
study does not yield information on the 
total force of mortality, and cause-specific 
PMRa are only approximations to what an 
SMR analysis would have produced. 

Recently. both measures have received 
co~iderable attention in the contest of 
methodologies used in occupational mor· 
tality studies (1-6). The reports of those 
studies tend to treat each method sepa· 
rately without discussing their inter· 
relationship in detail. In this paper, we 
illustrate the inherent relationship be
tween the SMR and PMR methods by per
forming both types of analyses on each 
of several sets of data. Our purpose is to. 
give investigators lacking a strong 
background in biostatistical methods a 
basic understanding of wome of the risk 
measures they use in everyday practice. 

• Abbrniatiou: lCD. IDternational Clauiftcation 
ol Dileaen; PMR. proportionate mortality ratio; 
SMR. ltaDdardiacl mortality ratio • 

I School or Health-Related Proreaiona. Univenity 
ot Arizona. 1435 N. Fremont. Tucaon. AZ 85719. 
(Reprint requ~ to Dr. Decoun• at thia addre~.l 

• Environmental Epidemioloo Branch. National 
Caacer lnltitute, Bethetcla. MD. 

GENEilAL PluNCIPU:I 

Initially. we will ignore the problem of 
acljustment for confounding facton. such 
u age, in order to present the ideu as 
limply as possible. Table 1 c:ontaina nota
tion which will be used to demonstrate 
certain relationship• among the statisti· 
cal measures discuued in this paper. The 
following relationahips ezist among the 
three sets of ratios in table 1: 

d. d, d ---+-d II II 
(1) 

~.D, +~ (2) 
D N N" 

In a proportionate mortality study •• a 
relative risk of a particular cause in U::l' 
study group is estimated by comparing ; 
the relative frequencies da/d and D,ID. 
From equations 1 and 2, we .. that each 
of these proportiona is a function of the 
cause-specific death rate and the total 
death rate. We generally auume_that the 
ratio of proportions (da/d + D,ID) yielda , . 
about the same result as the ratio. or 
cause-specific rates (d,ill + D,IN>. 
. . Let us examine this usumption alge
braically. From equations 1 and 2, we can 
write: 

dJd - d/11 X DIN (3) 
DJD DIN d/11 ' 

which can be rewritten u: 

d, - d. X DIN 
d(DJD> II(DJN) dill ' 

which is equivalent to: ' 

• 
-
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Oble"ed deaths • Obee"ed deaths x Co::.=.:m~pa::n:.::·so~n...;:G::ro~u.=~p~to~ta:;;l;...;d;;..:e;.;;a~th~r-a;.;..;te 
Ezpected deaths- Expected deathat Study Group total death rate 

• Sued on ratio or specific cause to all causes. 
t Sued on ratio or apecific cause to number at riak. 

or, in other terms: liven cause (i.e., dJII - DINl, the ratio or 
PMR • SMR x Factor (4) relative frequencies (dJd + DJD> will ex

ceed unity, indicating that the employed 
group is at greater risk or dying from the 
specified cause than is the general popu
lation. 

where Factor • ratio of overall death 
rates <Comparison Group to Study 
Group). 

Thus, the relative riak estimate using 
proportiona is a function or the SMR and 
the ratio of total death rates <Comparison 
Group to Study Group). It follows that the 
ratio or porportions (PMR) is the same u 
the ratio of rates <SMR> if, and only if, the 
overall death rates in the two groups are 
equal; i.e., dl11 • DIN. 

Now, in actual practice, the assumption 
or equality or death rates for all causes is 
often unrealistic. For example, industrial 
populations generally have a signifi
cantly lower overall mortality rate than 
the general population (attributable to 
the so-called "healthy worker effect" (7)); 
i.e., DIN > dl11, 10 that in equation 3, <DIN 
+ dl11) > 1. Hence, even if there is no dif
t'erence in the actual relative risk for a 

To illustrate this point, suppose we 
know that the study group's overall mor
tality is 75 per cent or the comparison 
group; i.e., dl11 • 0. 75 <DIN> or Factor • 
DIN + dl11 • 110.75 • 1.33. Then trom 
equaqon 4, we have PMR • 1.33 x SMR. 
Thus, the ratio of relative frequencies 
<PMR> is 33 per cent greater than the ac
tual relative risk <SMR), and in the situ&· 
tion where no difference in risk exists 
(i.e., SMR equals unity), the PMR will in· 
dicate a 33 per cent increue. 

CoNVBBSlON RUU 

le-the above relationships are exttnded 
to IUDlmary estimates or relative risks 
acrosa all levels or a confounding facto~ 

T.ULS 1 
Notation for a141iltical quoratitiea dUcuued i11 tat 

Quaa&i&J SCudJ lfOUP Comparieon po11p 

Number a& rilk II N 

TOUI clutha tall caUMS) tl D 

Du&ba from a epeciftc cauae tl, D, 

PtopartioD ol total dea&ha due d, •Jl, 
to a apecirac cauae "'i D 

Overall death rat.e taU caUMS) d D 
II "N 

Death rat.e from a ~peeific cauae !!J. D, 
II N 

.. 
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(e.g;, age), cause.specific PMRs and SMRa 
are the ume if the overall death rate or 
the atudy iP'OUP equals that o( the com· 
parison poup within «JCh age iP'OUp. 

The equality shown iD equation 4 holds 
f'or a given ap IJ'OUP within which no 
further ap acijustment is done. It does not 
Deeessarily hold Cor the age-ac:ljusted PMR 
and SMR. but a rough approximation is 
auggested. Thus, rearranging equation 4 
and putting it in tenns or summary mea
sures over all ages, we have: 

SMR (specific cause) 

Vl&aiiUlua While Non.while 

Known alive 1106 1243 
Known dead 240 112 

Wardeatha s 
Ptftumecl deacl 10 10 
Unknown 24 (1,,., sa c3.RJ 

Total 1380 1411 

• Data &om Deeouf!• ancl Woocl (8l. 

• PMR (specific cause) 
x SMR (overall). 

.can be aeen that at all ages under 65 
(S) years, non-white workers have a more 

Hence, given a set of cause-specific PMRs, favorable survival rate than do white 
one can get an idea or what the corre- worken (each in relationship to their 
aponding SMRs would look like under dif· counterparts ill the general population), 
fereDt usumptions about the ratio or the with a particularly striking difference at 
total mortality rates. (A fuller discussion ages leu than 45 yean <SMR • 0.92 f'or 
or the conditions under which the conver· whites and 0.48 for non-whites). The lat· 
lion rule is applicable will be the subject ter finding may be due, in part. to the 
or a separate report.) more recent employment or non-whitea 

and the unuaual compoaition or the plant 
EMPIRICAL DSULTS work force during World War U. :! 

Several sets or data are presented to U- these data, we have choHn the to '1 

lustrate in concrete terms the relation· IJ'OUp of non-white workers (whose ovek-- i 

ship between the PMR and SMR methods all SMR is unusually low) and the tub- ' 
or analysis. group or white workers who aurvived to 

The first set of data is derived from a age 65yean (whose overall SMR is cloae 
cohort mortality study of 2861 gray iron to unity) to illustrate relationships be
foundry workers who were employed at a tween cause-specific SMRs and PMRI. 
single plant (Plant A) be~ween 1938 and Ezampk 1: WhiM foundry UIONVI owr 
1967 and were followed through De· age 65 yea,.. w,..,. tiN prwral population 
cember 31, 1967. Details orthis study are (tcble 4). Since white foundry workers 
published elsewhere (8) and only perti· have an overall SMR close to unity, one 
nent inf'ormation is given here. Table 2 · expects the cause.specific PMRt to be rea
shows the results of the follow-up effort. eonable estimates or the correspondinc 
For the purposes orthis.paper, war deaths SMRs. Table 4 shows the clo• apwment 
and the "presumed dead" IJ'Oup are not between the two seta of rlak estJmateL 
counted in overall mortality but, instead, For each cause or death cateaorJ, ..... 
are withdrawn alive on the presumed tially the aame conclusion as to mac· 
date or death. Subjects lost to follow-up . nitude or risk would be drawn from both 
(unknown vital status) are treated as setaofresulta. The last column illustratu 
alive at the closing date of the study. the "conversion rule" between PMRa and 
Table 3 shows overall mortality pattems SMRs. The "approximated SMRI" are 
Cor white and non-white foundry workers closer to the actual SMRs than are the 
in relation to the total US experience. It PMRs. 

' 
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Tuu3 
0,.,_, 111111 ..,_,_ tUalM fl'om all CO&&MI (1938-19611 Gild~~ tMr14lity rotiol lSMRtJ 

67,.. au atloiMtt .-~ {oMtadry IIIOI'Ut'l tmpillyN a1 p14n1 A "'"'*" 1938 otad 1967• 

To&al 237 
<45 14 

45-54 38 
U-64 54 
65+ 111 

• Data from DecouJle and Wood (8) • 
• , <0.05. 

300.0 
37.0 
66.7 
83.2 

123.2 

o.1r 
0.92 
0.6?
o.a• 
0.90 

t Eacludea 10 pruwned dead and three war daatha. 
t Eacludea 10 presumed dead. 

172 
52 
52 
38 
28 

315.0 
109.2 
98.7 
74.5 
31.6 

o.w 
o.w 
0.52-
0.52" 
0.92 

I Sued on tile race-, •1• aDd time-apeciftc mortality raMI of the US aaaJe populatioD. 
• S.\IK • llandardu.d monality ratio • obeervell du&hl dividell by .,.. aDd caleadar-y•r-acijuat..d 

~-~ 
Tnu 4 

Cau.-tpteifie 1Mr14lity uperWtlft fl938-l961J o(u:/Ua mol. (oMNlry,.,.,...,.., (f16el a ,..,.,.d OWl') 

tmployed a1 pl4nl A hlr.tlftta 1938 Gild 1967. 

c.- CICD, 7&11 Rewiaionl 

All caUMS 
Cancer U40-205l 

IMt..Uve(150-159) 
Rupira&ory U&0-1651 
All other 

Stroke (331, 332) 
CirculatorJ diMUt (400-468) 
Accidenta, auicida. boaaicida (800~998) 
All other cauan 

' Da&a hill Decoufte and Wood (8). 
•p < 0.05. 

Obeerved 

-~ 
111 
25 
6 
5 

14 
11 
44 
7 

24 

p~ INRI CeaYenioa rule' 

1.00 0.90 0.90 
1.30 1.22 1.17 
0.82 0.78 0.74 
1.12 1.01 1.01 
us- 1.78 1.70 
1.01 0.88 0.81 
0.7 .. 0.7f1' 0.70 
1,82 1.82 1.64 
1.17 1.04 1.05 

t E:a:dudes two presumed dead. 
t PMR • proportionate mortality ratio • obaerved dea&ha diVidell by .P. and calenclar-year-acijuat..d 

upea.d deatha. Expected dea&ha baled on ratio oleach cause co all caUMS in the US male population. 
I SMll • ltaadarclized mortality ratio • obeerved dea&ha divided by .,.. and calendar·year-atijua&ed 

upected death&. Expected dea&ha baled on cause-apeciftc mortality rates ol &be US male population. 
• Coavenion rule: caUHpeciftc PMll x overall SMJt. . · 

Emmple 2. Noll·wlait. (ou11dry 1110rh,., for several diseases. For example, the 
w,.,., the 1•~aeral populotio11 (14ble 5). PMR for respiratory cancer indicates a 
Baaed on the ceneral priociplea outlined statistically significant two-fold increase, 
above, one expects that cause-specific whereas the SMR shows that the risk ia 
PMRI in this group are overestimates or little different from expectation <SMR • 
the correspondinc SMRa. Table 5 shows 1.14). The PMR Cor circulatory disease 
results consistent with the theoretical sugcests no difference in risk for foundry 
considerations. PMRa and SMRa are so workera, but the SMR shows a statisti· 
divergent in this example that one would cally sipificant deficit· approaching half 
come to opposite conclusions as to risks or what was expected. We applied the 
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0.90 
1.17 
0.7f 

o.sr 
o.w 
0.52-
0.52-
0.92 

·1.~ 

1.- . ../ 
0.11 
0.10 
1.M 
l.OS 
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COMPAJWION OF Plati AND SM11 

Tuu5 
c.,._.,_i/k ~ aper;.race ( 1938 -1961} of IIOII·•Aite mal. (outtdl7 ;,....,.. emp/6yed at piG rat A 

bmutell 1938 •lid 1961, 

ea- UCD, 'Jtll....._) 

AUcaueee 
Cancer (lf0-205) 

Df(eltiww (150-159) 
Re.pintory (160-185) 
All other 

Stroke (331, 332) 
Circulatory di8e .. (f00-4681 
Accidenta.auicide, homicide (800-9991 
AJJ other caueee 

• Data hm Decoull• and Wood (8) • 
• p <0.05. 
t Excludn 10 prnwned dead. 

172 
3S 
14 
12 
t 
t 

54 
21 
47 

PMRa 

1.00 
1.ue 
1.11 
UP 
1.11 
0.62 
0.93 
1.07 
0.92 

IMII 

o.ss• 
0.88 
0.12 
1.14 
o.u 
o.3r 
o.ue 
0.52-
0.4&-

0.55 
0.84 
0.89 
1.ot 
0.61 
0.34 
0.51 
0.59 
0.51 

* PMll • proportionate mortality ntio • ~ cleatha divided bJ .,.. and calendar·,..r-ecljultad 
ezpeeted cleatha. Ezpectecl cleatha bued on ratio oleach cauu to all cauea ol cluth iD the US male popu.la· 
tion. 

I SMR • ltandardized mortality ratio • obMrved deatha divided by .,.. and calendar-year·.._.. 
upect.ed deaths. Ezpected deatha baled on caUHpecirac mortality ratel ol the US male population. 

'Conversion rule: cauae-apecific PMR x ovenJJ SMR. 

• , 

rouch conversion rule to these data and 
the resulta are shown in the rourth col
umn. A very good "fit" i1 obtained for all 
eause or death categoriea. Thus, one gets 
an idea or what the actual cause-specific 
SMRs would look like utilizing the ob
served PMRs together with an assump
tion about the overall mortality rates. In 
fact, Monson et al. (9) used this reasoning 
in assessing the validity or their site
specific cancer risks CPMRs) in a study of 
vinyl chloride workers. 

lung), the PMRs are Still markedly ele-, 
vated and indicate a significantly hich , 
risk. On the other hand, Cor proatatic "' · ' 
cancer and cardiovascular diseue,. the ~ 

Ezample 3. CiBarelte •moll•,.. WI'IUI 

Mn·•moi•,., (table 6). These data are 
-taken rrom the study or smoking and mor· 
tality among US veterana reported by 
Kahn (10). The extensive appendices to 
this report permit computation of variOUI 

relative risk estimate• not shown in the 
main tabln and text. Since the overall 
mortality rate or cigarette smokers 
greatly exceeds that or non-smokers, each 
of the cause-specific PMRs is well below 
the corresponding SMR. It is interestinc 
to note that ror disease categories with 
very high SMRs (e.c., emphysema and 
cancers or the esophacua, larynx and 

PMR approach fails to show an increued 411 

risk when a real one doea in fact exilt. 
Violent deaths appear to be aignificantly 
lower amonc smokers in the PMR 
analysis, but are significantly increued 
in the SMR analysis. The convenion rule 
yields approximate cause-specific SMRs 
that are quite close to the actual ones in 
thil set or data. 

DIICUIIION 

This paper hu focused on biu in pro
portionate mortality studies arisina hm 
large differences in the overall death rata 
or study and comparison groupa. Thua. 
PMRs will owl'lltJt. risks when the study 
group's overall mortality rate i1 lo1118r 
than that or the comparison group, while, 
conversely, PMRs will und•r•ttimat• 
risks when the study group's overall mor· 
tality rate is hiBINr than the compari10n 
group. If the discrepancy between overall • 
mortality rates il great enouch, errone- \ 

'-- .. 

-
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Bmpbylema (521.1) 

All cudiovucular di•a~n (330-334, 400-468» 
Violeace (800-862, 970-97U 

' Data troaa Kahn <10». 
•p<O.OI. 

15644 
3422 

11 
313 

40 
lUI 
242 
212 

9680 
575 

1.00 
l.D-
3.44• 
o.w 
1.13-
6.54• 
1.02 
1.W 
o.w 
o.w 

ur 
2.Gr 
sa• 
us• 
t.aee 

10.tr 
1.6?-

12.1P 
l.W 
UP 

1.18 
2.05 
S.78 
1.16 

10.30 
10.99 
1.71 

12.48 
uo 
1.09 

t PMB • pnporticmat.e monality ratio • oblmred du&ha divided by ap-a~uatecl upected claatha. 
Bapec&ed claa&ha bued 011 ratio ot uch cauae to all caUMS ot death amoqnon-1111okera. * 8MR • dandardized monality ratio • oblerved dea&ha divided by qe-~Uited apldM dea&ha. 
lapact.ed dea&ha baMd on cauae-apeciftc mortality rat.ea oC llOil·UDOkera. 

I Coavenioa rule: cauae-apeciftc PMR x · overall SMll 

ou. even oppoaite. conclusions can be aon sroupa, coDiideration lhould be liven 
reached from SMR and PMR analyse• on to chOOiing aa a base a collection of cause 
the Ame data. categoriea for which death rates are not 

Generally. oae does not know the rela- likely to cWJ'er very much. For example. 
tive magnitude of overall death rates for a when industrial .populatiou are com· 
particular stud)t IJ'OUP and comparison · pared to the general population on a rate 
sroup. Hence. it may be difficult. if not basis. the SMR for cancer is uaually dose 
impouible. to usesa the validity of a set to unity (7. 12. 13). Thua. in examining 
of cause-specific PMRa in the light of is- aite-apecific cancer riaka. the ratio of 
auea raised here. However. occupational deaths from a particular cancer lite to .all 
health investigators can obtain data from cancer deaths might be more appropriate 
previous cohort mortality studies of in· (14). One study (15) acijuated for possible 
dustrial populations with the general unequal overall mortality by uaing all 
population u the comparison sroup so deaths e:u:cpt those due to cancel' (all situ) 
that they can make an eatimate of what and respiratory diseases· u the base for 
the overall SMR might be (at least a rea- computing expected deatha. 
10nable interval estimate) (11). Since. in With respect to the "conversion rule" 
theae caaes. the overall SMR ia moat described here. it lhould be pointed out 
likely lea than unity. the magnitude of that there are situationa in which it ia 
cause-apecific PMRs ahould be judged, not useless. Specifically. derivation of approx
iD relation to an expected value of 1.00. imate cause-specific SMRI utilizing an .. 
but apiut a areater value. e.g .• there- timate of the true overall SMR and the 
ciprocal of the estimated overall SMR. observed PMRa il not valid when study 

We have constructed PMRa using the and comparison groups ditrer greatly with 
ratio ofdeatha from a specific cause to a respect to the a1e diatribution of 
bue conaiatinc or aU deatlu. When it is populationa-at·rilk and total deaths. . 
thoucht that the overall mortality ratea Finally. it should be noted that the con· 
clift'er ll'eatly between study and compari· cepts and examples presented here refer 

.... 
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to well-defined population~ and all deaths 
occurring in these populations over 
specified time periods. The conclusions 
reached may not be applicable to a PMR 
study in which the available data repre
•nt a sublet of all deaths among mem
ben of a well-defined population. Exam
plea of the latter situations are collectioDI 
or deaths reported to employers and labor 
Wliou in connection with payment of life 
inaurance claims and death benefits. Data 
pthered from these sources are generally 
incomplete Iince they exclude, in the case · 
of companies, employees not on the 
payroll (nor pensioned) at the time of 
death and, £or labor unions, members not 
in loocl standing (i.e., dues paying) when 
death occurs. In these situation~, special 
care mould be taken in interpreting find
ings. 
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ON THE UTILITY OF PROPORTIONAL MORTALITY 
ANALYSIS• 

L L KUPPER. A. J. McMICHAEL.t M. J. SYMONS and B. M. MOST 
Dcparunena ol Bioslatiltia. Occupational Health Studies Oroup. Scbool ol P\ablic: Hcaltb. 

UDiYtni&J ol Nonla Caroliaa. Cbapcl Hill. NC 17514. U.S.A. 

(lt«doH July 1977) 

Allla'act-Thc Slalldardized Mortality Ratio (SMRI is 1 coaunonly UMd cpidcmioloaic tool 
for euluatinaatcll population with rapcc&to 1 standard. Computataon ol tbc meuure requires 
tlaat tbc size aad dcmoaraphic composition ol tbe test population-at-risk CPARI 1M knowa. 
lA the ablcnct olthil taowledp of the PAR. some have turned to evaluations based on propor• 
tional monality rata. a method whicb is pncraUy reaarded u dtficica& blcausc of &be iaabili&J 
ol relative mcuura to provide information about absolute rates. 

01\cn. tbc ratio oltbc cause-specific SMR to tM 11ndcrlyina 'forca of mortality' Ci.c. tM 
SMR for all caUICI» is of interest; Ibis ra&io is rclcrrcd to herein u the relative SMR tRSMRL 
It is shown in this paper. bolb cmpiricaliJ' aad in a lbcoretical framework. &bat the RSMR 
is dose in value to the Caacl staadardized proportional monalit)' ratio CSPMRL this dOICIIal 
bcina nprasible in the form ol a 'confidence interval' iavolvina tbc SPMR. Compu&a&ion of 
tbc SPMR docs not require bowledp of tbc PAR. . 

I. GENERAL CONSIDERATIONS 

1.1 Definitions: absolute and relatiue JMaures of death rate 

A basic: strateu of epidemiolou is the comparison of health-related data between 
two populations. Frequently, the comparison is between a test population (i.e. the popu
lation bein1 studied) and some appropriate referent (standard) population. The pro
cedure typically utilizes the ratio of observed events to expected events. the latter c:alc:u· 
lated in 'standardized' fashion with respect to· suc:b concomitant variables as &IC. race 
and sex. 

For reference, several measures used for this comparison arc defined symbolically 
below: 

1. Cause i specific: Absolute Death Rate: 

2.· Cause i specific Standardized Mortality Ratio: 

3. AB causes Standardized Mortality Ratio: 

4. Relative Standardized Mortality Ratio: 

5. Cause i specific: Proponional Mortality Ratio: 

.. d,·. 
ADR.•-N ·• 

PAa 

SMR
' • tl,, ,--. D., 

d 
SMR • -:.:.., 

DeA 

RSMR, • SMR, 
SMR' 

d, 
PMR1 • d.:· 

d,, 
6. Cause i specific: Standardized Proportional Mortality Ratio: SPMR, • -. 

De,. 

-Tbil raarcflwpponed b7 1'M Occupaaioul Health St11dicl Group. b7 NIEHS Relatcll Carm o.w.top. 
IMIIt Award- No. l·IC.04-E!OOOOl. ud b7 NIEHS Rilcarda Fellowship Award No. l·F2l·ES01766-0Z. 

tl)epartmcal ol Epidemiolog~ Ullivenil' of Nonla ~oliu. 
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16 L L KuPI'IIl ., Ill. • where 

4,. • observed number or deaths due to cause I in the test population: N, .. • number ) 
or people in the test population; DE• • expected number of deaths due to cause i based 
on applyin1 cause i death rates for each or the referent subpopulations (e... strata 
based on a1e) to the number of people in each of tlfe correspondin1 test subpopulations: 

'Dv. • similar to D~to except that total (all causes) death rates for each referent subpopu
lation are used: d .. • total observed number or deaths in the test population: Dll't • ex
pected number or deaths from cause i based on applyina referent subpopulation PMR;s 
to the number or deaths in each of the test subpopulations. 

Measures 1, 2 and 3 above ue absolute measures requirina knowledp of the size 
or the PAR. while measures S tthe PMR) and 6 (the SPMR) require only knowled@e 
or deaths. However, the PMR suffers from a well-recognized limitation associated with 
such ·num~ator-bas~d' statistics-namely, that the observation or a r~lati11' excess (or 
deficit) or deaths in the test population does not necessarily indicate an absolutt excess 
(or deficit) in the death rate due to that same cause. [See. for example. Refs (4, 6, 
pp. 59-60, 7).] Table 1 below illustrates this ooint. ... 

Table I. Hypothetical mortality data lor white ...... 

T• ........ 
Dela._.ioll ......... .......... 

I. Sa-.. c-.... ,. .. 
2. AU01111t .. lll "" 

..., 
1 TOIIIdatlll 10110 10.0110 .. ..,.,_""" 100.000 ...... 
5. ,.,.,. ... Ill aU ......... O.Ol o.oz 

' 
•-.a a-

•• 011111 , ... lor ..... - Jflo.OIIO ., .... 
7. Datil , ... lor Ill ..... - 97110.0110 •• !lo.OIIO .. Dutil ,. .. for tU - .... o.aao 1GOIIO.OIIO 

~ 
,J 

Assuming. for simplicity's sake, tha~ the a1e composition or the two white male popu
lations is identical. then the four rates (items 5-8) can be directly compared. Oearly, 
the proporrlort or deaths due to stomach cancer is hiaher in the test population than 
in the standard population (0.03 ~s 0.02). and yet the tlb!olutt death rate for stomach 
cancer is lower in the test population than in the standard population (3/10.000 vs 
4/10.000). 

1.2. Discussion of RSMR and SPMR 
The summary statistic most often used to compare observed and expected death 

rates. across the full a1e·range or interest. is the Standardiztd Mortallt)' Ratio (SMR). 
·(See Definitions 2 and 3 siven earlier.) Given the assumption of identical aae composition 
for the two populations in Table 1, the followina two SMR scan be calculated: 

3/10.000 
Stomach cancer: SMR • 

411
0.

000 
• 0.1S. 

100/10.000 
All causes: SMR • 

200110
,
000 

• 0.50. 

Now, as mentioned above, the SMR ror stomach cancer is calculated directly, without 
knowledge of items 7 and 8 in Table l. However, herein lies a limit.ation in the meaning· 
fulness of a cause-specific SMR: it necessarily lacks any relativity to the underlyin.,.a 
(all causes) force of mortality within the test population. In other words. simply tr:wt 
say that. compared to the standard population. there is a 2~~ deficit or stomach canc:er 
deaths in the test population would be to ipore the ract that. since there is an overall 

· monaUty de.ftcit of so-;. in the test population (i.e. all-causes SMR • O.SO). the death 
nte from stomach cancer in ·the test population is hiiher than would be expected 
OD the buis ol the overall death rate. In order to express the actual stomach cancer 



·~ nt .:r 
. : i based 

g. strata 
ulations; 
.ubpopu· 
'!-PC. eJ.• 

1 PMR,-s 

the size 
towledac 
.ccd with 
\C:CSS (or 
rt excess 
.:fs (4. 6. 

• 
Je s)o"pu-
Clearly. 

lOR than 
stomach 
0.000 vs 

.:d death 
· (SMR). 
1position 
J: , 

. without 
:neanina· 
tdcrlyina 
:rw&to 
.hw-cr 
R(. Jl 
ae 011;;;-.. b 
~xpcc:tcd 
ta cancer 

Oo tbe Utility ol Proportional Mortality Analysis 17 

mortality experience of this population relative to its overall mortality experience. a 
•corrcctecl• or relative SMR (RSMR) ~an be calculated u: 

Cause-s 'fie RSMR • Cause-specific SMR 
pea All-causes SMR 

For example. the RSMR for stomach cancer (Table 1) is: 

RSMR • ~ • l.SO. o.so 
Note that this procedure produces a mortality ratio that is essentially relative. and 

therefore one that no lonaer expresses the absolute deviation of the observed cause· 
spedfic death rate from the expcc:tcd rate. However. the loss of absolute information 
resultina from this concction procedure is offset by the following considerations: 

I. The correction procedure is an addition to. not a substitute for. the initial c:alcula· 
tion of a reaular SMR. (In practice. this adjustment is often made reflexively by the 
person scannina a schedule of SMR's that includes the all-causes and various cause

. spedfic: SMR's.) 
2. In reality. the difference between the regular and relative SMR·s is usually much 

less than in the abOve ·Contrived example. The all-causes SMR lies within the range 
0.8~ 1.25 for most test populations. The correction procedure therefore simply makes 
clearer the meaningfulness of the obser,·ed mortality experience from a specific cause. 

3. Because of the difficulty in obtaining an 'ideal• standard population. the reaular 
cause-specific: SMR is often of dubious meanin~o since it implies that the v81ue of 1 
is the proper baseline fiaure for comparison purposes. For instance. in the field of 
industrial oc:cupational epidemioloJY. it is common practice to compare the lest popula
tion to some seneral community population (often the national population). This is 
typically a matter of necessity rather than choice. Consequently. because of the •healthy 
worker· selection process (whereby. to be employable on the production line. a person 
mull b~ fairly healthy and active). the mortality experience of an indus&rial population 
in an industry free of serious mortality hazard usually results in an overall SMR of 
about 0.8~.95. Hence. it is really this 'overaii.SMR that should be regarded as the 
·baseline· against which cause-specific SMR's should be evaluated. 

In a way exactly analoaous to the aae-standardization procedure used to obtain an 
. SMR. a Srandardi:ed Proportional Morrality Ratio (SPMR) can be calculated from the 
sets of age-specific: mortality data for two populations. (See Definition 6 given earlier.) 
For example. pven the assumption or identical aae composition for the two populations 
in Table 1. the stomac:h cancer SPMR is calculated as 0.03/0.02 • 1.50. 

Because of 'the previously mentioned pitfalls of 'numerator· analysis. ·proportional 
mortality rates have been used sparingly in mortality studies. For this reason. the SPMR. 
as a formal summary statistic. has been laraely overlooked in the literature. Whereas 
the analysis of absolute mortality rates typically turns upon the calculation of SMR·s. 
the analysis of proportional mortality rates appears to have not yet assumed any proce· 
dural orthodoxy. Different authors treat numerator data in various ways [e.a. Refs 
(1. 3-S)]. but the potential of the SPMR as an important index of mortality appears 
to ha~e been laraely overlooked. 

Note from the above calculations for stomach cancer that the SPMR has exactly 
the same value as the RSMR. That is. the SPMR. despite the absence of information 
on the PAR. appears to provide a short-cut to the calculation of the RSMR. whoH 
usefulness has been described above. Of c::ourse. the Table I data. with its assumption 
or population identicality with respect to age distribution is unrealistic:. What. therefore. 
is the teneral relationship between the SPMR and the RSMR'! 

The principal objcctivc of this paper is to aote empirically that the SPMR provides 
aaood approximation to the RSMR. Under.certain usumptions. the accuracy or this 
approumarion may be quantified: in panic:ular. a ·confidence interval· may be con-

~ ........ . 

.. 
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structed about the (sample) SPMR which with high probability contains the (samplet 
RSMR. This is explored in Section 2 below. 

Assumina. based on the discussion above. that the cause-specific RSMR is or central 
interest, it is reasonable to ask under what circumstances one would be concerned 
with approximating it by the SPMR. The basic circumstance is both obvious and com· 
mon-the situation wherein mortality data are available. but the population source 
cannot be quantified. This situation might arise in several ways. Firstly, death certificates 
may have accumulated historically over a number or years in a well-defined population 
setting (e.a. an industrial population). for which insufficient information is available 
for 're-constructing· the original PAR. [See. for uample. Moss n tJI. (7).] Secondly. 
deaths might be occurrina in a general community settina for which it is not possible 
to determine accurately the size and composition or the PAR. 

In the next section. the relationship between the RSMR and the SPMR is explored 
in a quantitative fashion. · 

... 
2. STATISTICAL CONSIDERATIONS 

It is the purpose of this section to quantify the relationship between the SPMR 
and RSMR. ·with specific attention being Jiven to a theoretical examination or why 
the SPMR empirically seems to be a very useful approximation to the RSMR. 

The following notation will be used throuahout. Consider a specified cause or death 
(1. say) and. for standardization purposes. suppose that there are g ap aroups. •ith 
ra.1 the size of the jth aae aroup PAR. Let . 

• ) 
' 

' 

4,. - observed number o( deaths due to cause I In !he test population. tp 
d.J - ~bserved number or deaths in the jth age group or the test population. .. .i 

d .• - r d.J- total observed number or deaths in the test population. 
J•l 

p11 • cause i death rate for the jth age group or the. standard population. 
P.J • all-causes death rate for the jth age group of the standard population. 

Then. the usual computational f01mulae for SPMR, and· RSMR, can be written u 
follows: 

. d 
SPMR,- • I. 

r a,Jd.J 
J•l 

where a11 • p1Jp.1 • proponion of all deaths due to cause I in the jth age group of the 
standard population: and: · · • 

da./ t PI.JPIJ 
RSMR • SMR (cause i) • 1., 

' SMR (all causes) 
d .. f t ".JP.J 

J•l 

To facilitate the subsequent analysis and to emphasize the similarity in structure 
between SPMR1 and RSMR1• it is convenient to rewrite the above expressions in 
the followina equivalent forms: 

(l) 

(2) 

• 



) or central 
concerned 

'and com· 
ion source 
ccniftcates 
population 
s available 
! Secondly. 
ot possible 

is explored 

the SPMR 
an or why 
tR. 
.. e or death 
oups. with 

'· 
f 

. --· .auon. 
:10pulation. 

written as 

oup of the 

cture 
nsin 

.(1) 
~-~l) 

where: 

On the Utility ol Proponional Monaliay Analysis 

.. d_, 
(IJJ - .....:& 

d .. 
and 0J1 • ".JP.Jj t ".JP.J 

J•l 

19 

are. respectively, the obseruld and expected proponions of deaths occurring in the jth 
age group or the test population. The notation su&&ests that &1 is, in some sense. an 
approximation to OJr Note that: 

From (1) and (2). SPMR, and RSMR1 are equal if: . , 
r a,J&JJ - r "'J(JJJ• 

J•l J•l 
(3) 

or. equivalently. usina &1 • d./d .. and rearranaing. if: , 
r a,j(d.J - f.!Jjd.J - 0. 
J•l 

Formally. if either the la11 ) do not vary with j or if f.IJJ • &1 for each j, then (3) holds; 
the latter condition implies that the all causes SMR·s calculated for each age group. 
the {d.,Jn.1p.1l. must be equal (but not necessarily equal to 1). Neither of these conditions 
can De expected to hold in practice. but empirical evidence suppons the approximate 
equality of the weighted sums in (3). 

Another approach to comparina the SPMR and RSMR is by examination of the 
inequality: 

IRSMR, I 
SPMR

1 
-

1 < k,. (4) 

or, equivalently fr~m (1) and (2): 

• r "'JWJ • 
J•l - 1 J. 

I < Ajo 

r "•J(IJJ 
J•l 

It is our goal to specify lc1 independently of the :n.11, which are unknown quantities 
when information on the PAR is unavailable. 

For comp,eteness. it is worthwhile mentioninJ that one can find inequaJities of the 
form (4) which are wholly determinislic# e.a.: · 

• 

I RSMR I r "•J max(&J. 1 - WJ) 
---~· - 1 ~ ~~·..;;.·---=-----' SPMR1 min a11 • 

I 
However. such inequalities appear to be much too crude and are generally uninformative 
in actual practice. 

Thus, we turn next to a probabUiscic statement of the form: 

Pr{ :;~:: _ ·I < ~c.} ~ u - ~). (5) 

or equivalently: 

Pr:(l - lc1)SPMl1 < RSMR1 < (l + /c1)SPMR1l ~ (l - 2). (6) 

The above statement is ~ly in the·rorm ofa confidence interval• Cor RSMR,. 

•saricaly. we arw DOl cooaideria1 a COillidnce iatlrYM lor a parunew, .. RSMI, is ia.w a nacloaa 
Ylliaba.. 

' 

' 

·' 
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In order to proceed runher along these lines. w'e will assume that. conditional on 
the total number or deat&s d ... the 1d_1: are multinomially distributed with parameten 
{ca~1 l. (In words. we are assumin1 that the expected number or deaths due to all causes 
in each ase JfOUp or the test population is roughly the same as that for the standard 
population. While this usumption may be questioned. the conclusions it bas yielded 
appear robust based on the examples presented below.) Jr: 

and 

aj • Ccr.a.tlfJ, .. ..a,.). 

.. c· • .. ' w • CII1,CIIz, .... ca~,, 

e' • (C111,CIIz, .... OI1). 

then the above assumption implies that: 

E(~ a,1w1) • E(aj,U) • ajca~ 
and 

var(t;a11w1) • ajYa,. 

where d .. Y • diag(ca~1,012, •••• 01,)- Cllfll', It can be shown that a aood computational 
formula ror var(a;cil) is 

the estimator ajYa1 or ajYa1 is then obtained by usinJ &1 for 01; in the above formuiL 
Again, the multinomial model we are proposina is only expected to provide a reason· 

able approximation to. and not an exact representation or. the true state or aJrain. 
One saving feature is that we are actually dealins with a linear combination or random 
variables (which are constrained to su!n to unity). and such a linear combination could 
be expected to be robust to aberrations in its individual components. The examples 
we shall presently consider seem to support this contention. 

Without making any further assumptions. it is now possible to obtain a statement 
or the form {5). using Tchebyshefl''s Theorem [e ... sec Cramer (2). p. 183]. If X is a 
random variable with mean p and variance tt2, this thoerem says that 

Pr{IX - PI < tctJ ~ I - l/t2 for any t > 0. • 

Under our model. 
RSMR, a;,;, --SPMR, aje 

has mean I and variance a;YaJ(aj01)2, so that fort • ~~-IIJ we have 

Pr{l ::~:: - •I < 2 -112(ajJ'aJ 1'2/a~co} ~ (1 ~ 11); 

this statement is exactly or the form (5) with 

k1 • :~- 112(ajYa;) 112/ajtD 

fF k, denotes the estimate of lc, obtained by USiftJ OlJ for CIIJ in the above expression. 
then. for 2 • O.Ol, it follows from t6~ that we have approximGtdy 

Pr((l - f,)SPMR, <. RSMR1 <{I + f,)SPMR1}-~ 0.99 (7) 

when £, • lO(a;Ya;)112/.;a;. 
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1 EMPIRICAL RESULTS 

One reasonable way to evaluate the reliability of the approximate confidence interval 
(7) is to apply it to several sets of_data for whic:h lhe requisite information is available 

Table 2. Behavior of the ~nfidence interval (7) of Section 2 for 
varioua data seas and various causa ol death 

(lA) Data source: white milletS 

Tllal ...... ,._ .... .... ......... ..... , .,....4, ., .., ., .Jt ltZ 
,.,. 

o.oJtt 0.0)61 
ZS.lt JS'I a50n 0.0.71 O.o.ot .Jt ,., ... , 0.0.56 0.0.71 ,,... ,.,., .... ,., 0.146S O.ltelt 
·~,. 

,,.. 
·~ D.lJIJ O.Z71: 

'~" UM .: ... Ul79 O.ZI50 .... :lOS I .1011)7 1.2146 O.Ull 

4.. ...... II- (JSPMI, II+ iJSPMI, ...... a:. .. 
Mel usa l.lll I.SZI 1.411 O.OSIO ....... 

(lit Data source: tire plant I 

• T01alllullll ,._..., .. 
All .... l ••• .,.,. 4, .......... , .., ., .. ,. Ill 161Jt .... O.C111S ,,... J)J I MOt 0.11 .. O.li!CQ .,... 14:7 lf1W UMZ o.nu 

c:_., ..... j ~ IPMI, Cl - i",ISPMI, Cl + A,ISPMI, ISM I, ... .. 
lCD ZID-!Ot l&.etlll-ia Gt.., • I .lOT 1.179 J.ZlS '·'" O.OSII O.OISI 
lCD ISJISI-..cll C-1 • ..... 1.614 1.671 usa O.OIIS 0.0116 
lCD I ... ttl Cl..,.,. ea... tz o.an D.llO o.tu 0.165 o.ostJ O.OSM 

(2C) Data source: tire plaat II 

Tllal ... lll Ntlllller-. " .. .,..,; .... .,..,.4, ... .,...., ., ., 
~ 7 u .. 0.0011 0.0115) .,... ss mt o.ouz O.OZIZ .,. u tUG 0.0)50 0.0.11 

'~" ... ..., 
0.0101 0.0111 ...... - 11)17 O.Uto O.USJ 

&61 .,, 11414 O.ltzt 0.1165 .. ,. SJI ... O.l:JI Ul46 
~" 4ft 51011 ctJGOS O.ZODO ... 1tO !1.ll O.IUZ 0.11]6 

c:- ., 4111111 ' 4 ...... Cl- l,ISPMI. II+ t,ISPMI, UMI, ... .. 
ICDI*'Dt •• I.CMO· 1- 1.01Z I.OJI O.IIM O.lllto 
ICD1*'141 7 O.SJO .... , 0.567 O.S!I O.ODSSI O.ODS56 
ICDI·I· IU I.ISO 1.1!1 un I.ISO 0.05510 o.os• 
lCD I• I 0.101 US1 0.160 .... , 0.00111. O.OINI7 
ICD1616J •• G.l56 0.794 O.ttt o.au O.OStJI 0..,.., 
IC:D 1~114 I D.ll7 0.791 ...... G.IJJ OOIMIIS OAIMid 
ICDI ... IIt • ... l.ll7 l.ltt l.l06 0.0.,. 0.0)019 
ICDI•ttt lZ O.tlt ..... .... , o.tll 0.014110 0.014JJ 
ICDlO&oJin zs IAJO 1.46S UtS ..... 0111717 0.011717 
IC:Da.JDI u l.llJ I .liD l.l67 I.JII 0.01 .. 1 0.01656 
lCD li~!Jt • l.l7S 1.117 I.JSJ l.:.t 0.00!1» 0.0111 .. 
ICD! .. J79 sz I.ISZ u•J l.ltZ I.ISZ OOitCIJ 0.01101 
lCD 2M J 1!71 1111 1)64 1lJ4 OIGISt 0...,. 
lCD JIJ z 111: J.t)l uos !1)4 0.011011 o.ODIMO 
ICD:O.JIS J 0147 otll o.aJJ UJJ OCI0%16 0.011111 
IC:D J~llt " 10.1 OM 1 .• 1.0]6 .. _,. ....... 
lCD ,._.tl 1 ... lOll J.Oil 1.050 IOU OWI\50 O.StiiO 
ICD..,..tlt - U11 !SO' : . .- U'76 OOJSl' t.07S)t 
lCD S7l • Ull6 CIW o.vSJ U.IOJ O.OIS7S OOIMt 
ICD.._'Ot I Ull ... ,.. 0.105 o. .. s OOODlZ .. .., 
lCD ...... •• ..... 1.77) IOU U1t OCMJIO ..... 
tc:Dt....,. • ·UZI 1101 ,,.. t.JOZ O.Q71 o.au 

... 
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L L KUHD 11 Ill. • and then see bow it behaves. Table 2 below summarizes the results or such an application 
to three sets or data. One data set is taken rrom a O.H.E.W. Vital Statistics Repart l 
on 1950 Tuberculosis Mortality Amona U.S. White Miners. The second data source 
represents preliminary findinas concernina the mortality experience or hourly employees 
and ex-employees at a major tire manuracturina plant in Akron. Ohio over the 9-yr 
period 1/l/~12/31/72. The third data set concerns the mortality experience or white 
male hourly employees at a major tire manuracturina plant in Akron. Ohio (distinct 
rrom the plant or the second data set) over the 10-yr period 1/1/64-12/31/73. U.S. 19SO 
mortality data ror men with work experience and U.S. national mortality statistics ror 
1968 provide the correspondina standard population figures. 

From Table 2. it can be seen that in every instance the confidence interval calculated 
usina (1) did indeed enclose the actual RSMR value. Ut should be noted that while 
corresponding values or OJ1 and &J1 dift'er widely in some cases. the weiahted sums a;e~ 
and ajai are very close to one another in value.) While this admittedly does not constitute 
an unequivocable endorsement or the procedure. it is nevertheless an encouragina find· 
ina. We can only hope that other researchers will subject our methodoloJY. 'to similar 
evaluations using their own data sets. · • 
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Addendum: 

Prepared for: 

Health Profile: Hazardous Waste Disposal Facility 

BHS, Inc. 
Wright City, MO 63390 

This addendum is provided in response to the comments of Dr. Mohammed 
N. Akhter raised in his letter of 6 May 1982 (appended) to Robert J. 
Schreiber concerning the Health Profile submitted by BHS as part of the 
application process for BHS' waste site operation. 

Introduction: 

We have addressed each point specifically raised in Dr. Akhter•s letter. In 
general the health profile: 

1. was structured to be read and understood by a diverse audience of 
both technical and non-technical readers, and the interested public 
and waste site operators. This required a good deal of balance in 
both detail and organization of the report .. We attempted to present 
the rationale, results, and analysis so that they could be read by a 
general readership, and have parallel technical back-up in suitably 
separated sections . 

2. Carefully considered the ramifications of a profile that provides a solid 
baseline for on-going health effects monitoring. Working with a one
page guideline, the profile was developed to provide the broadest cov
erage yet be inclusive of health effects that could . be measured with 
statistical reliability, to focus on the immediate and surrounding sites, 
and to use health indicators that address potential waste site influenced 
health effects. Again a balance is required, and the aspects of for
ward monitoring were carefully considered in order to meet the law and 
its intent. 

Response to the specific points raised in Dr. Akhtar's letter of May 6, 1982. 

This section responds to each question raised in the letter. The question 
or comment is stated and the response follows. 

1. The profile was difficult ta follow and understand. The report could 
have easily been shortened without sacrificing much substance. A 
table of contents would have helped. 

The profile was written to meet the specific requirements of the law 
and the guidelines. Because this was the first profile for the BHS 
site, additional material was provided to give adequate background and 
suggestions for the future. This report is addressed to three audien
ces: 1. State officials and regulators; 2. technical and methodolog
ical experts, and 3. interested, concerned members of the public and 
waste site operators. While these three audiences have the same 
general interests their needs for information, specificity and interpre
tation differ. However, it . was deemed important that the profile and 
its presentation meet the requisites of these differing audiences in 

1 



order to meet the intent of the state statutes. An attempt was made 
to write the profile so that both a trained biostatistician and concerned 
layman can benefit from the analysis. 

The attached table of contents may be helpful in understanding the 
organization of the profile. The following provides a justification of 
each section. (A Table of Contents is provided as a separate page to 
be inserted in the BHS Health Profile Document.) 

Introduction 
Provides the statutory basis for the profile. 

Purpose of the Health Profile 
Interprets the intent of the law and guidelines for developing the pro
file. 

Detection of Health Effects of Hazardous or Toxic Substance 
Documents scientific disciplines for which the Profile is based. 

Sources of State Data for the Profile Construction 
Documents the data sources used in the profile and reviews their 
strengths and weaknesses. 

Health Profile Structure 
Discussion of the technical considerations of the data which must be 
recognized to interpret the data properly .. 

Indices Selection -
Describes the sentenal health events used to monitor the health of the 
population. 

Analysis 
Describes the basis under which the data are analyzed. 

Summary of Findings 
Summarizes the results of the analysis. 

Technical Notes 
Technical notes for the proper interpretation of the profile and data. 

Appendix 1 - Health Profile 
Department of Natural Resources guidelines for a health profile. 

Appendix 2 - Health Effects-Disease-Substance Review 
Documentation of chemicals to be deposited at BHS site. Any known 
health effects and lCD code number and bibliography related to the 
chemicals·· is provided. 

Appendix 3 - Statistical Significance Charts 
The statistical significance charts used to determine. ·confidence inter-
vals of the rates. · · 

Appendix 4 - Map 
Map of Warren county and zip code 63390 surrounding the BHS waste 
site. 

Appendix 5 - Tables 
Tables of each of the health indices specific to the BHS profile. 

Time Series 
Explanation of the time series techniques of analysis. Accompanying 
time series data are provided. 

SMR and SPMR Analysis 
Explanation of the SMR and SPMR techniques of analysis .. 

• 
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2. There needs to be some discussion of exactly how zip code 63390 re
lates to the 3-5 mile radiu_s suggested in the guidelines. 

In conforming to the 3-5 mile radius suggested in the guideline we re
viewed the surrounding site zip codes for their geographic coverage. 
Zip code 63390 approximates this requirement and, coequally important 
to meeting the guideline requisites, provides a definitive unit to re
trieve the pertinent health data. 

Appendix 4, the surrounding site map, has been redrawn to show the 
3-5 mile radius around the site. Zip code 63390 meets the requisites 
for surrounding site area coverage. The redrawn map is enclosed. 

3. In Appendix 2 "Health Effects-Disease-Substance Review" some ICD-9 
-codes, such as 780.3 for convulsions or 285.9 for anemia, are omitted 
from the list of toxins and codes without explanation. 

The I CD9 Codes were provided for those selected conditions in Appen
dix 2 which represent the most definitive outcomes for which tabula
tions would be meaningful for comparative and analytical treatment. 

Those conditions identified with specific codes were considered indica
tor conditions for, 

1) monitoring purposes 
2) providing the most specificity in terms of serious illness 

relationships strongly related to hazard substances com
pounds 

3) having the least potential for irltroducing other confounding 
underlying effects. 

Codes were not provided where conditions did not meet these criteria, 
in order to preclude their consideration for tabular and analytical 
development. The code exclusions represented general signs, symp
toms, or conditions which were not considered as having a degree of 
specificity for inferential analysis with respect to site operations. For 
example convulsions and anemia are two such conditions having multi
causative factors. The occurrence of, and etiology of such conditions 
would add more noise to the profile than enlightenment, hence the 
profile rather than recite wtiat is left out~ concentrates and enumerates 
those conditions of known risk. 

4. Only cancer mortality and morbidity is examined in much detail in the 
analysis. While this is probably due to the small numbers involved for 
other diseases, the reasoning should be stated explicitly in the text. 

As mentioned in the comment, the information on other causes was 
omitted because of small numbers. The criterion of adequate numbers 
was given in the narrative (Section 5), and referred to specifically in 
Technical Note 3 (p. 29), relating to the companion table of causes of 
death. For example, there were no deaths for the site zip code and 
Warren county categories for the 19 selected causes given in Table 11 
for the Hospital Discharg~s. The comparable Table 11 for mortality 
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would have resulted in essentially 0 cells for all areas for all the 
causes listed except for the State entries in the table. This holds for 
Maternal Deaths as well. -

Fully understanding the problems associated with the changes from 
ICD-8 to ICD-9, it would have been advantageous to examine cancer 
mortality for years before 1979 in order to increase the numerator 
size. Similarly, congenital anomalies from the hospital discharge file 
could be collected for data years before 1979. 

As noted in the reviewer's comment and the North Carolina Center for 
Health Statistics' Report: It is recognized that it would have been 
advantageous to examine cancer mortality for years prior to 1979. 
However, this was specifically addressed in the profile with the in
clusion of the article on comparability ratios using State data prepared 
by the North Carolina Center for Health Statistics. The problems 
noted at the state level in this report would have even more effect on 
information based on geo-political subdivisions. Because of instability 
of these ratios they were not included in the profile. We believe the 
precision of ·theprofile would be compromised by inclusion of data of 
unknown comparability. This could lead to erroneous interpretation 
when future years data are compared with the base line presented in 
this profile . 

6. The benefit derived from the "aggregate counties11 grouping is ques
tionable. Most of the population in this area is in St. Charles County 
which is much more metropolitan in nature than residents around the 
site area. 

The "aggregate counties" data were included as part of the nested 
comparison approach (Section 7.1 p. 17). As documented in the 
report, the surrounding site data can be compared to both the State 
level and larger surrounding county data. This sharpens the ability 
of the profile to detect differences and trends in health profile out
comes. The State itself is a mix of rural and urban components, hence 
the surrounding, county, .and aggregate county levels provide a pro
gressive comparative basis. In addition these nested level provide a 
measure of 11spill-over11 adverse health effects into immediately sur
rounding areas . 
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• Addendum 2. Health Profile, Hazardous Waste Disposal Facility 

Prepared for: BHS, Inc. 
Wright City, Missouri 63390 

Introduction 

This addendum is provided in response to the comments by Joseph B. 

Reichart, raised in his letter of 14 June 1982 (appended) to Robert J. 

Schreiber concerning BHS' responses to the critiques and comments raised by 

the Missouri Division of Health in their initial review of the BHS Health Pro-

file. 

The appended data and analysis are provided as specified in Mr. 

Reichart's letter to cover the two conditions described in his letter: 

1. cancer mortality for the period 1972-1978 and 

2. congenital malformations for the period 1976-1978. 

The analysis includes the site area, Warren County, and Missouri as specified 

in the letter. 

We recognize the State as the arbiter of the Health Profile. Although we_ 

raised technical reservations concerning the use and period of the data re-

quested, we do wish to comply fully with the State's review. 

The analysis follows the request and guidelines implicit in Mr. Reichart's 

letter, consistent with the original profile. The Missouri State Center for 

Health Statistics was most cooperative in providing the additional data re-

quested for this addendum. 

• 
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SPECIFIC ANALYSES REQUESTED IN 

MR. JOSEPH B. REICHERT'S LETTER 

OF JUNE 14, 1982 

A. Live Births with Congenital Anomalies 

Table 1 summarizes the frequency of events by type of congenital anom-

aly for the years 1976-1978. Frequencies for both the site and for Warren 

County were small even when aggregated for the three year period. 

Tests of significance (Poisson-based) of the total rate of malformation 

were carried out for the site versus Missouri and Warren County versus 

Missouri for the periods specified in Mr. Reichart's letter. Results of these 

tests, usfng 95% confidence levels were: 

1. Site versus Missouri - not significant. 

2. Warren County versus Missouri - significant. 

This latter result indicates that the aggregated period rate (1976-1978) 

of congenital anomalies in Warren County (65. 7) is significantly higher than 

the State of Missouri (27. 3). Three factors must be considered in evaluating 

this result; 1) the high degree of variability associated with small numbers, 

2) the differential degree of reporting these events in the hospital discharge 

data system, and 3) the aggregation of the specific years and factors in these 

years contributing to possible heterogeneity of experience. It is, therefore, 

recommended that additional data be reviewed as these become available both 

in terms of current years and in terms of ·improved completeness of the data 

files of the Missouri Center for Health Statistics. Monitoring of these events 

in Warren County should be instituted consistent with the recommendations 

made in the initial BHS Health Profile. 



__ , The rate for the site, though not statistically significant compared with • 
the State, is subject to the same constraints on the data as noted above. 

The observed rate for the site, which was higher than the State, suggests 

similar review and monitoring be carried out for the site area as for Warren 

County as subsequent years of experience are accrued. 

B. Deaths Due to Malignant Neoplasms. 

Table 2 summarizes the frequencies and rates for the major categories of 

death due to malignant neoplams for the Site, Warren County 1 and Missouri: 

for the period 1972-1978. Deaths have been aggregated for the seven year 

period and the mid-period population, 1975 1 was used as the base. Popula-

tion estimates over this period showed only minor variations. 

Tests of significance were carried out (Poisson-based) for the Site 

versus Missouri and Warren County versus Missouri for each cause of death 

category shown, and for the total malignant neoplasm deaths. Rates for both 

the site and Warren County were not significantly different from the State of 

Missouri. Generally, rates for the site area were lower than 1 or equal to, 

those for the state; for Warren County, rates for the respiratory system and 

for leukemia were slightly higher than the State, and lower for the other two 

categories as compared to the State. The overall rate for the county was 

higher than for Missouri. 

The higher rates for Warren County, though not statistically significant, 

should be monitored for these causes. Any subsequent elevated rates which 

are shown to be statistically significant should be followed by an epidemic-

logical investigation before any causal relationships can be established. 
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_ TABLE 1 

Number of Live Births with Congenital Anomalies by Type, and 
Total Rate b.y Site, Warren County, and Missouri, 1976-1978 

Type (lCD Category)l 

Brain and Nervous System (740-742) 

Eye, Ear, Face and Neck (743-744) 

Heart and Circulatory System (745-747) 

Respiratory System (748) 

Cleft Lip and Palate (749) 

Upper Alimentary Tract and Digestive 
System (750-751) 

Genital Organs and Urinary System 
(752-753) 

Musculoskeletal System (754-756) 

Integument (757) 

Other and Unspecified (758-759') 

Site 

0 

0 

0 

0 

0 

0 

1 

3 

0 

0 

Warren Missouri 
County 

0 220 

3 320 

4 444 

0 112 

0 215 

1 330 

1 794 

9 1,448 

0 202 

1 234 

----------------------------------------------------------------------~------
Total Anomalies (740-759) 4 19 4, 319 -

----------------------------------------------------------------------------
Total Live Births with Anomalies 4 18 

Total Live Births 68 274 

Rate per 1,000 Live Births 58.8 65.7 

1 1ncludes H-ICDA-2 and Corresponding ICD-8 categories. 

3,774 

138,307 

27.3 

Note: As shown in the Technical Notes of the original report, hospital 
discharge data for births were lower for the site area and Warren 
County when compared to the State. Rates were adjusted subse
quent to the tests for significance and re-tested. Results were 
unchanged; the unadjusted figures are presented in the table. 

Sources: Missouri Vital Statistics, 1976-1978; Missouri Center for Health 
Statistics. 
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TABLE 2 

Number and Rate of Deaths Due to Malignant Neoplasms by Site, 
Warren County, and Missouri, 1972-1978 

Site Warren Missouri 
Cause (ICD-8 Category) County 

Number Rate Number Rate Number Rate 

Digestive System 9 229.8 42 344.3 16,706 350.5 
(150-159) 

Respiratory System 13 332.0 49 401.6 15,547 326.1 
(160-165) 

Leukemia (204-208) 1 25.5 9 73.8 2,729 57.2 tr 
All Other Sites 12 306.4 72 590.2 29,328 615.2 .·. 

------------------------------------------·--------------------------------------
Total (140-208) 35 893.8 172 1409.8 64,310 1349.1 

Note: Rate per 100,000 estimated mid-period (1975) population for Missouri 
and Warren County; 1980 population used for site due to lack- of 
available data. Estimates provided by Missouri Center for Health 
Statistics. 

Sources: Missouri Vital Statistics, 1972-78; Missouri Center for Health Statis
tics. 
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HAZARDOUS WASTE SPILL EMERGENCY RESPONSE 

1. Immediate Action: 

(a) In the event of a discharge (spill) of Hazardous 
Waste, the person responsible for the waste (Driver) 
at the time of the discharge shall immediately: 

I Take appropriate action to minimize the threat 
to Human health and the environment 

(A) Shoveling of waste back into container; 
(B) Temporary dam or berm to contain waste; and 
(C) Drivers have the authorization to hire, 

purchase or otherwise acquire equipment and 
supplies to contain a spill. 

Note:. Utilize appropriate safety equipment as 
indicated on the safety sheet at all times. 

II Notify one representative of B.H.S., Inc. of the 
Spill 

(A) Mike Gill 
(B) Ben Moore 
(C) Bruce Bote 

<Home 314-625-2064) 
(Home 314~25-2864) 
(Home 314-456-3666) 

III Give notice to the National Response Center 
( 1-800-424-88021 ... and to the Department in the 
appropriate state. 

(A) Mo. DNR 
(B) Nebraska 
(C) Illinois 
(D) Iowa 
(E) Kansas 

(314-751-3241) 
- ( 402-471-2186) 

(217-782-6760) 
(515-281-8921) 
(913-862-9360) 

Note: When calling the above numbers ask for the 
Hazardous Waste Spill Coordinator at State 
level • 



.. 

2. 

(b) Provide the following information when reporting the 
spill: 

I Name, phone number, and address of person 
responsible for the discharger 

II Name, title and phone number of individ~al 
reporting, 

III Time and date of discharge' 

IV Location of Discharge - as specific as possible 
including nearest town, city, highway or 
waterway, 

v Description contained on the manifest or other 
pertinent documents and the amount of waste 
discharged, 

VI cause of discharge' and 

VII Emergency action taken to minimize the threat to 
human health and the environment. 

Secondary Action: 

(a) Start to locate available equipment (Bighlift, 
dumptrucks) as nee~~~ for clean-up. 

(b) If Weather indicates possible movement of waste 
<rain) then driver will receive authorization to 
commence clean-up. This will come from verbal report 
to B.B.S., inc. representative. 

(c) The drive is the on scene representative of B.B.S., 
inc. until the Emergency Spill Coordinator arrives • 
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BDL • BELOW DETECTION LIMIT 

(1) Quantitated using secondary ion 

• 



• ACID EXTRACTABLE ORGANICS - COMPOUND LIST 

DETECTION* 
ACID EXTRACTABLE ORGANICS CONCENTRATION LIMIT 

(UG/L) (UG/L) 

lA. PHENOL 16000 2500 
2A. 2-CHLO~OPHENOL BDL 2500 
3A. 2-NITROPHENOL BDL 2500 
4A. 2,4-DIMETHYLPHENOL BDL 2500 
SA. 2,4-DICHLOROPHENOL BDL 2500 
6A. P-CHLORO-M-CRESOL BDL 2500 
7A. 2,4,6-TRICHLOROPHENOL BDL 2500 
SA. 2,4-DINITROPHENOL BDL 25000 
9A. R-NITROPHENOL BDL 2500 

lOA. 4,6-DINITR0-0-CRESOL BDL 25000 
11A. PENTACHLOROPHENOL BDL 2500 

• 

BDL•BELOW DETECTION LIMIT 

*Sample analyzed using a 100:1 dilution, thus the higher than normal 
detection limits • 

• 



• I • 

• 
lB. 
2B. 
3B. 
4B. 
SB. 
6B. 
7B. 
SB. 
9B. 

lOB. 
llB. 
12B. 
13B. 
14B. 
15B. 
16B. 
17B. 
lBB. 

•
9B. 
OB. 

,lB. 
~2B. 
23B. 
24B. 
25B. 
26B. 
27B. 
28B. 
29B. 
30B. 
31B. 
32B. 
33B. 
34B. 
35B. 
36B. 
37B. 
38B. 
39B. 
40B. 
41B. 
42B. 
43B. 

•
44B. 
45B. 
46B. 

BASE-NEUTRAL EXTRACTABLE ORGANICS - COMPOUND LI~T 

BASE-NEUTRAL 
EXTRACTABLE ORGANICS 

N-NITROSODIMETHYLAMINE 
BIS (2-CHLOROETHYL) ETHER 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 
BIS (2-CHLOROISOPROPYL) ETHER 
HEXACHLOROETHANE 
N-NITROSODI-N-PROPYLAMINE 
NITROBENZENE 

CONCENTRATION 
UG/L 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

ISOPHORONE 110 
BIS (2-CHLOROETHOXY) METHANE 
1,2,4-TRICHLOROBENZENE 
NAPHTHALENE 91 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
2-CHLORONAPHTHALENE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2,6-DINITROTOLUENE 
ACENAPHTHENE 
2,4-DINITROTOLUENE 
DIETHYLPHTHALATE 
FLUORENE 
4-CHLOROPHENYL PHENYL ETHER 
DIPHENYLAMINE (N-NITROSO) 
1,2-DIPHENYLHYDRAZINE (AZOBENZENE) 
4-BROMOPHENYL PHENYL ETHER 
HEXACHLOROBENZENE 
PHENANTHRENE 
ANTHRACENE 
DI-N-BUTYLPHTHALATE 
FLUORANTHENE 
BENZIDINE 
PYRENE . 
BUTYLBENZYLPHTHALATE 
BENZO (A) A'NTHRACENE 
3,3'-DICHLOROBENZIDINE 
CHRYSENE 
BIS (2-ETHYLHEXYL)PHTHALATE 
DI-N-OCTYLPHTHALATE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l,2,3-C,D)PYRENE 
DIBENZO(A,H)ANTHRACENE 
BENZO(G,H,I)PERYLENE 

BDL 
BDL 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

·BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 

DETECTION 
LIMIT 
UG/L 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
25 
25 
25 

BDL•BE·LOW DETECTION LIMIT 
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I. 

MI. ~~OOti:EPARTMENT OF NA'IURAL RESOORCES 
. ·· HA S W4STE DISPOSAL REQUEST 

' f ' • • -

'. : ·- i. • : ~ !' :- ; .. . ', : 

. GE~AL MA.TION · , ,.· " 

office use 
Request 
No. ____ _ 

=~ .. u -. / Appx;· cant· .. 
' ' 

' B.H~S. Inc 
'ltt. 1 X ],16-F 
Wri.ght City ,Mo. 63390 
Mich41el 0. Gill 
314-745-3371 

Waste Hauler· 

B. H. S., ln9 
Sa!Qe 

City ,State ,Zip: Same 
Contac.~ Person 
Telephone No. 

Same 
Same 

Waste Generator Waste Location 

Name: 
Address: 

Mobay Chemical Co. 
P.O. Box 4913 

State Id I 01231-024 
Same 

City,State,Zip: Kansas City, Mo.64120 
John Lawson 
816-242-2000 

Same 
Contact Person: Same 
Telephone No. Same 

II. WASTE-CHARACTERIZATION 

A. Name of waste - ~ain wastewater treatment sludge 

B. Description of generation process - Solids· from the primary, 
secondary and tertiary treatment facilities after centrifuging 

c. Basic physical state @ 70 
pH - 4.5 to 9.5 
' Moisture .- SO to 70 ' 
Pumpable - No 
Free Fluid - No 
' Organic Liquid - < 5 ' 

F - Sludge 
Flash Point - N/A C 
Specific Gravity-1.1 to 1.5 mq/1 
Odor - Moderate to stronq 
Free Flowing - No 
Vol @ 600 c - 70 to 90 ' 

D. Known hazards of the waste - Listed by Mo. DNR requlato~y 
direction only 

E. Chemical composition -
Sanitary solids 5 - 15 ' 
Tertiary solids 2 - 5 
Dirt/Clay/Salts & other inert 

Secondary solids 10 - 20 ' 
Water Balance 
solids 5 - 15 ' 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 500 du. yds. 

B. Rate of generation - One time only 

IV. TRANSPORTATION 

A. Containers used for transportation - 10 - 20 cu.yd. boxes 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

v. 

B. Type of Vehicle - roll-off 

c. Label identification - NA-9189 

D. Route of transportation - I435 to I70 to Wright City to B to M 
to Muenz to Site 

SAFE HANDLING ' EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash, apron 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - One time only 

c. Disposal technique - General trench area 

• 
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• 

• 

I. 

MISSOU~.DDEPARTMENT OF NATURAL RESOURCES 
~XI.POUS WASTE DISPOSAL REQUEST 

GENE~~=ORMATION --
Waste Hauler 

office use 
Request 
No. BHS- tJI:- t:! 

Name:--:\. 
Address,... 

AppliJant 

B.H. Ef, Inc 
Rt. JIBox 116-F 
Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

B.H.S., Inc 
Same 

City,State,Zip: 
Contact Person 
Telephone No. 

Waste Generator 

Same 
Same 
Same 

Waste Location 

Name: Ford Motor co. K.C. 
P.O.Box 11009 

State Id t ___ OOl 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Kansas City, MO 64119 
Paul Brinkman 
816-459-1486 

II. WASTE CHARACTERIZATION 

Same 
Same 
Same 
Same 

A. Name of waste- Waste Water Treatment Sludge.(F006) 

B. Description of generation process - Precipitation of heavy 
metals then dewatered using a filter press. 

c. Basic physical state @ 70 F -
pH - 9.4 
% Moisture - 57 % 
Pumpable - No 
Free Fluid - No 
% Organic Liquid - < 5 % 

Sludge. 
Flash Point - >200 
Specific Gravity -
Odor - None 
Free Flowing - No 
Vol f 600 C - 78 % 

F 
1.6 

* Physical Analysis by BHS~ INC on samples taken from the 
discharge at the Ford Plant 9/11/84. 

D. Known hazards of the waste - Toxic 

E. Chemical composition - (in mg/1> 
Arsenic <.25 Barium 1.0 
Cadmium <.OS Chromium < .2S 
Lead <.2S Mercury < .01 
Selenium <.OS Silver < .2S 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 0, presently 
using another disposal site. 

B. Rate·of generation~ 60 cubic yards per week. 



. I 
I 

• 
0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Lonq Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cubic yard 'gondola • 

B. Type of Vehicle - Tractor trailer 

c. Label identification - NA 9189 

o. Route of transportation - I70 to Wright City to B to M 
Muenz to Site 

V. · SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed s~in with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids. Avoid contact with skin. 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

. ' .. 

B. Amount and frequency of disposal - 60 cubic yards per week. 

c. Disposal technique - General trench. • 



-~ SaBJple DeacriptiOD: taaoon Sludae 

Para.eter Re.ulta 

Total CODcentration 

Arsenic 0.61 llllkS 
Barium 650 .. Its 
Cadmium 2 walks 
Chromium 220 aa/ks 

• 1, 300 111/ks Lead 
Mercury 0.02 1DIIkS 
Silver 0.33 1DIIkS 
Zinc 2,600 mg/ks 

Copper 50 mg/ks 
Nickel 960 1DIIkS 
Iron 2,000 mg/k.s 
Phenol 7 111/ks 

Cyanide 0.40 mg/kg 
Methylene Chloride ( 10 mg/kg 
Perchloroethylene ( 10 mg/ks 

• Density 1.08 g/ml. 

Methodology - as per Federal Register 41, No. 232 and 43, No~ 243. 

cc: Mr. Paul Sgriccia 

• 
Approved: ~~ilill:::ll~!!!l.:~«:/a~::;~..-~-tt'.? ... ~ll:i .. ~,..""'J~7 __ _ 

Alan Rerschen 
Laboratory Director 



.. 

LARGSTON J..ABOIATOlliS, DC. 

Lab-ora tory leport 

leceivecl: April 28, 1980 
COIIPletecl: May 29, 1980 

LLI Project No.: 80-4238 

Sample Description: Lagoon Sludge 
• 

Parameter 

pH 

Toxic Extraction Test 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercur.y 
Selenium 
Silver 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 
2,4 ,5-TP Silvex 
Phenols 

Flash Point 

Corrosivity 

Volatiles at 1oo•c 
Volatiles at 6oo•c 

Acidity (as eaco3) 

Water Solubility at 25•c 
Water Solubility at 1oo•c 

Appearance 
Odor 
Boiling Po-int 

Submitted by: Ford Motor Company 
Highway 69 
Claycomo, MO 64119 

Attn: Mr. Paul Brinkman 
P. 0. No.: INP 096520 

llesults 

7.3 

< 0.01 mg/liter 
0.12 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 

0.06 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 
< 0.01 mg/liter 

< 0.001 mg/liter 
< 0.001 mg/liter 
< 0.01 mg/liter 
< 0.001 mg/liter 

< 0.05 mg/liter 
< 0.05 mg/liter 
1. 2 mg/liter 

> 2oo•r 

Non Corrosive 

73.4% 
81.4% 

550 mg/liter 

1.0% 
3.9% 

Muddy 
Moderate Oraanic 
N/A 

• 

• 
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MISSOURI DEPARTMENT OF NATURAL RESOURCES 
HAZIDOUS .WASTE DISPOSAL REQUEST 

office use 
Request 
No.BHS- Up(f 

I. GENERAL FORMATION 

Appl~' ant 

Name: A B.H. , Inc 
Addres\..l Rt. 1 Box 116-F 
City,State,Zip: Wrig City,Mo. 63390 
Contact Person Michael D. Gill 
Telephone No. 314-745-3371 

Waste Generator 

Waste Hauler 

B.H.S., 
Same 
Same 
Same 
Same 

Inc 

Waste Location 

Name: Ford Motor Co. KC 
P.O.Box 11009 

State Id i ___ -002 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Kansas City, MO 64119 
Paul Brinkman 
816-459-1486 

II. WASTE CHARACTERIZATION 

Same 
Same 
Same 
Same 

A. Name of waste - Paint Sludge and paint filter debris. 

B. Description of generation process - Paint pigments from 
automotive painting process. 

c. Basic physical state @ 70 F -
pH - 6.4 
% Moisture - 29 % 
Pumpable - No 
Free Fluid - No 
% Organic Liquid - < 5 \ 

Sludge. 
Flash Point - 155 
Specific Gravity -
Odor - None 
Free Flowing - No 
Vol @ 600 c - 62 % 

F 
1.04 

Physical analysis confirmed by samples taken by BHS on 
9/11/84. 

D. Known hazards of the wa"ste - Toxic· 

E. Chemical 
Arsenic 
Cadmium 
Lead 
Selenium 

composition 
<.25 
<.05 
0.56 
<.05 

- (in mg/1) 
Barium 
Chromium 
Mercury 
Silver 

III. QUANTITY OF WASTE & GENERATION RATE 

1.0 
< .25 
< .01 
< .25 

A. Amount of waste on hand for immediate disposal - 0, presently 
using another facility. 

B. Rate of generation --140 cubic yards per month. 



•• 
0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cubic yard gondola. 

B. Type of Vehicle - Tractor trailer roll-off. 

c. Label identification - NA 9189 • , 
D. Route of transportation - I70 to Wright City to B to M to ' 
Muenz to Site "' 

V. SAFE HANDLING ' EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental-spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions du~ing handling - Avoid eontact with skin. 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 140 cubic yards per month • 

c. Disposal technique - General trench. • 



• 

• 

• 

-,· . 
LAIGSTOI LAJIIW'OIIIS, DC. 

Laboratory laport 

Received: AprU 28, 1980 
Coapleted: May 29, 1980 

LLI Project No.: 80-4239 

Sa111Ple Deacription: Delpack Paint Sludge 
• 

Parameter 

pH 

Toxic Extraction Test 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercury 
Selenium 
Silver 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 
2,4,5-TP Silvex 
Phenols 

Flash Point 

Corrosivity 

Volatiles at 100°C 
Volatiles at 600°C 

Acidity {as CaC03) 

Water Solubility at 25°C 
Water Solubility at 100°C 

Appearance 
Odor 
Bo.Uin& Point 

Submitted by: lord Motor Company 
Bipway 69 
Clayco.,, MO 64119 

Attn: Mr. Paul Br:IJlk•n 
P. 0. No.: IMP 096520 

Results 

9.9 

< 0.01 mg/liter 
0.09 1111/liter 
0.01 1111/liter 
23 mg/liter 

0.04 1111/liter 
< 0.01 ma/liter 
< 0.01 ma/liter 
0.01 ma/liter 

< 0.001 1111/liter 
< 0.001 ma/liter 
< 0.01 mg/liter 
< 0.001 ma/liter 

< 0.05 1111/liter 
< 0.05 ma/liter 
< 0.1 ma/liter 

> 200.°F 

Non Corrosive 

36.5% 
59.7% 

N/A 

0.56% 
0.61% 

Mixed Color Sludge 
Heavy Organic 
N/A 

200~ w~·~ 103rd Terrace Leawood, KS 66206 913/341-7800 



' ~ 

I SaiiPle De.:riptioll: Delpaclt Pa1Dt Sludae • , , 
r 

Para•ter lte.Wt• 

Total Coacentration 

Araenic 1. 7 llllkl 
Barium 91 aalka 
Cadmium o.3 -alka 
Chromium 750 ma/ka 

Lead 6 -a/lta 
Mercury 0.13 111/1ta 
Silver 0.22 ma/lta 
Zinc 1,300 1118/kg 

Copper 25 ma/ka 
Nickel 70 -a/kg 
Iron 10,300 -a/ka 
Phenol 0.3 mg/ka 

Cyanide 0.10 ~t~/ka 
Methylene Chloride < 10 ma/ka • Perchloroethylene < 10 ma/ka 

Density 1.00 a/ml 
, 

• 

Methodology - as per Federal Register 41, No. 232 and 43, No. 243. 

cc: Mr. Paul Sgriccia 

• 



• office use 
MISSOORI DEPARTMENT OF NA'IURAL RESOORCES Request 

HAZARDOUS WASTE DISPOSAL RE(JJEST No. ____ _ 

I. GENERAL INFORMATION 

Name: 
Address: 
City,State,Zip: 
Contact Person 
Telephone No.-

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Applicant 

B.H.S.,Inc 
Rt. 1 Box 116-F 
Wright City,Mo. 63390 
Michael o. Gill 
314-745-3371 

Waste Generator 

Ford Motor Co. 
6250 Lindbergh 
Hazelwood, Mo. 63042 
Bob Sieveking 

•314-731-1300 

II. WASTE CHARACTERIZATION 

Waste Hauler 

J.S. Alberici Const. 
2150 Kienlen Ave 
St. Louis,Mo. 63121 
Lynn Farley 
314-261-2611 

Waste Location 

State Id t 01574-001 
Same 
Same 
Same 
Same· 

• A. Name of waste ~ Dirt contaminated with Paint 

• 

B. Description of generation process - Clean-up of old fill area. 

c. Basic physical state @ 70 F -
pH ~ Approx. 7 
' Moisture - 24 ' 
Pumpable - No 
Free Fluid - No 
' Organic Liquid - < 5 i. 

Solid . 
Flash Point -None 
Specific Gravity - 1.2 - 1.5 
Odor - None · 
Free Flowing - No 

D. Known hazards. of the waste - None 

E. Cbeaical composition - See enclosed analysis . 

III. (JJANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 10,000 cubic 
yards. 

B. Rate of generation - One time only 

IV. TRANSPORTATION 

A. Containers used for transportation - 10 - 20 cubic yard bulk 

B. Type of Vehicle. - Roll-offs· and dump trailers 

c. Label identification - None 



• D. Route of transportation - Lindbergh to I270 to I70 to ·<Jright 
City .to B toM to Muenz-to Site 

V. SAFE HANDLING ' EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
~ Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - gloves. 

c. Safety precautions curing handling - Incompatible with strong 
acids 

VI. TREATMENT, STat AGE, ~ DISPOSAL 

VII. 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 10 ·- 20 cu. yds. per trip, 
up to 11 trucks with 3 turns per day 

c. Disposal technique - General trench area 

CERTIFICATION 

If granted this request, we the undersigned agree to abide by the 
rules,. regulations, orders and decisions of. the Missouri 
Department. of Natural Resources and the requirements specified in 
this application. We hereby certify that the subject waste and 
the proposed disposal procedures are compatible with - the 
geological and environmental setting of the disposal site. We 
affirm that the infromation in this-application is to the best.of 
our knowledge and belief, true, complete and . accurate, and 
understand that in the event . of any false··· or fraudulent 
information in this request or of failure to o~rate the disposal 
operation in a proper and. legal manner, the disposal permit may 
be revoked. 

Signature of Applicant Date 

• 
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April 2£., 19?3 

Page ~. t: f 5 

E.P. Toxicitv Data for Buried Waste!. 
Ford St. louis Assembly Plant 

' 
The dltl below was obtained from leaching a composite of 30-35 
s .. ples of waste materials from 14 representative borings. 
RCRA leachtna.and subseauent metals analvsis was conducted 
by Env1rodyne Enaineers of St. Louis.· Envirodyne also determined 
the flash point and the percent volatile material at both 1000 C. 
and 6ooo c. 

Parameter Result ---
As .:0.01 mg/1 

II <2.0 .. 
. Cr <0.1 .. 

Hg <0,0002 II 

Se <0.005 II 

Ag <0.001 II 

Cd <0, 1 II 

Pb <1.0 .. 

S vol • at 1000 C 241 

S vol. 1000 - 6000 c • 17S 

Flash point > 2000 F. 

Prepared by: 

' 

Stationary Source Environmental Control 
Ford Motor Company 

• 



RONALD L IUCH 
HAZAfii)OUS WA TEAIAL 

~ AND WASfE WATER SPECIALIST 
., ENG. 'EHVIRCINWENTAL PUNNING 

/. 

>F NATURAL RESOURCES 
>ISPOSAL REQUEST 

office use 
Request 
No.BHS- B\.\S o~-s'\ 

• 

• 

OCHIMIUR 
CQAPORATION 

P.O. BOX 11118, QETROIT. 1oM 41211 313/856-2124 

Name: 
Address: 
City,State,Zip: 
Contact Person 
Telephone No. 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

B.H.S.,Inc 
Rt. 1 Box 116-F 
Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

Waste Generator 

Chrysler Corp. 
1001 No HWY Dr. 
Fenton, Mo. 63026 
Ken Hermann 
314-343-2500 

II. WASTE CHARACTERIZATION 

Waste Hauler 

B.H.S., Inc 
Same 
Same 
same 
Same 

Waste Location 

State Id I 01028-005 
Fed Id I MOD 
Same 
Same 
sam~. 

A. Name of waste - Waste water treatment sludge! · 

B. Description of generation process Heavy metals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

sludge c. Basic physical state @ 70 F -
pH - 11.9· * 
' Moisture - 53 ' * 
Pumpable - No 

Plash Point.• XXX C 
Specific Gravity - 1.33 qm/ml * 
Odor - None 

Free Fluid - No 
' Organic Liquid - < 5 ' 

Free Plowing - No 
Vol @ 600 c - 68 ' * 

* Analysis performed by Laclede Lab on 18 June 1984 

D. Known hazards of the waste - Toxic 

B. Chemical composition - T.E.P. Analysis 
Barium 1.2 mg/1 Chromium 
Lead 4.9 Nickel 

III. QUANTITY OF WASTE & GENERATION RATE 

.033 mq/1 
1.58 

A. Amount of waste on hand for immediate disposal - 370 cu yd 

B. Rate of generation - 400 cu yd per year 

. , . 



-~ 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Lonq Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 to 20 cu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transp9rtation - I44 to I270 to 40 to I70 to Wright 
City to H to M to Muenz to Site 

V". SAPE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed akin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable ere wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

• 



/. RONALD I. IUCH 
HAZARDOUS MATERIAL 

AND WASTE WATER SPECIALIST 

~ ENG. & ENVIAONMENTAL P\.AHNING 
)F NATURAL RESOURCES 
>ISPOSAL REQUEST 

office use 
Request 
No.BHS- 6-k\S 0Cc"5c~ 

• 

• 

P.O. BOX 1111. DETROIT. lootl _.. 313/151·2124 
Waste Hauler 

Name: B.H.S.,Inc 
Address: Rt. 1 Box 116-F 

Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

B.H.S., Inc 
Same 
Same City,State,Zip: 
same Contact Person 

Telephone No. Same 

Waste Generator Waste Location 

Name: 
Address: 

Chrysler Corp. 
1001 No HWY Dr. 
Penton, Mo. 63026 
Ken Hermann 
314-343-2500 

State Id I 01028-005 
Fed Id I MOD 
same City,State,Zip: 

Contact Person: 
Telephone No. 

Same 
Same 

II. WASTE CHARACTERIZATION 

A. Name of waste - Waste water treatment sludge~ 

B. Description of generation process Heavy metals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

c. Basic physical state @ 70 F -
pH - 11.9 * 
' Moisture - 53 ' * 
Pumpable - No 
Free Fluid - No 
t Organic Liquid - < 5 t 

* Analysis performed by Laclede 

sludge 
Flash Point - XXX C 
Specific Gravity - 1.33 gmlml * 
Odor - None 
Free Plowing - No 
Vol @ 600 c - 68 ' * 

Lab on 18 June 1984 

D. Known hazards of the waste - Toxi~ 

E. Chemical composition - T.E.P. Analysis 
Barium. 1.2 mg/1 Chromium 
Lead 4.9 Nickel 

III. QUANTITY OP WASTE i GENERATION RATE 

.033 mg/1. 
1.58 

A. Amount of waste on hand for immediate disposal - 370 cu yd 

B. Rate of generation - 400 cu yd per year 

,. 



·" 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Lonq Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 to 20 cu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transportation - I44 to I270 to 40 to I70 to Wright 
City to H to M to Muenz to Site 

V. SAFE HANDLING ' EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

.. 

• 



/. RONALD L RICH 
HAVoAI)OUS MATERIAL 

• 

AND WASTE WATER SPECIALIST 
ENG. l eNVIAC)NUENTAL PI.ANNING >F NATURAL RESOURCES 

>ISPOSAL REQUEST 

office use 
Request 
No.BHS- Bk\S (){£1~c\ 

P.o. eox 1111. I)ETAOIT ... ...- 313/861·2124 

Name: 
Address: 
City,State,Zip: 
Contact Person 
Telephone No. 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

B.B.S.,Inc 
Rt. 1 Box 116-F 
wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

waste Generator 

Chrysler Corp. 
1001 No HWY Dr. 
Penton, Mo. 63026 
Ken Hermann 
314-343-2500 

II. WASTE CHARACTERIZATION 

Waste Hauler 

B.H.S., Inc 
Same 
Same 
same 
same 

Waste Location 

State Id t 01028-005 
Ped Id t MOD 
same 
Same 
sam~ 

• A. Name of waste - waste water treatment sludge .• 

B. Description of generation process Heavy metals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

• 

c. Basic physical state @ 70 F -
pH - 11.9 * 
' Moisture - 53 ' * 
Pumpable - No 

sludge 
Plash Point - XXX C 
Specific Gravity - 1.33 
Odor - None 

Free Fluid - No 
' Organic Liquid - < 5 ' 

Free Plowing - No 
Vol @ 600 c - 68 ' * 

Lab on 18 June 1984 * Analysis performed by Laclede 

o. Known hazards of the waste - Toxic 

E. Chemical composition - T.E.P. Analysis 
Barium 1.2 mq/1 Chromium 
Lead 4.9 Nickel 

.033 mq/1 
1.58 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - 370 cu yd 

B. Rate of generation - 400 cu yd per year 

,. 



-~ 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation .. - 15 to 20 cu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transportation - I44 to I270 to 40 to I70 to Wright 
City t~ H to M to Muenz to Site 

V. SAPE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

• 



I . 

• 

• 

lllONALD L RICH ~-

•
CHRYSLER 
ifOjifiOAATION 

>F NATURAL RESOURCES 
>ISPOSAL REQUEST 

office use 
Request 
No.BHS- B'-\S O"'""Sc~ 

P.O. BOX 1111. DETROIT. WI 41211 3131158·2124 
Waste Hauler 

Name: B.H.S.,Inc 
Address: Rt. 1 Box 116-F 

Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

B.H.S., Inc 
Same 
Same City,State,Zip: same Contact Person 

Telephone No. same 

Waste Generator Waste Location 

Name: 
Address: 

Chrysler Corp. 
1001 No HWY Dr. 
renton, Mo. 63026 
Ken Hermann 
314-343-2500 

State Id I 01028-005 
Fed Id I MOD 
Same City,State,Zip: 

Contact Person: 
Telephone No. 

same 
Sam~ 

II. WASTE CHARACTERIZATION 

A. Name of waste - Waste water treatment sludge! 

B. Description of generation process Heavy metals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

c. Basic physical state @ 70 F -
pH - 11.9 * · 

sludge 
Flash Point - XXX· C 
Specific Gravity- 1.33 gm/ml"* 
Odor - None 

' Moisture - 53 ' * · 
Pumpable - No 
Free Fluid - No 
' Organic Liquid - < 5 ' 

Free Flowing - No 
Vol @ 600 C - 68 ' * 

* Analysis performed by Laclede Lab on 18~June 1984 

D. Known hazards of the waste - Toxic 

E. Chemical composition - T.E.P. Analysis 
Barium 1.2 mq/1 Chromium 
Lead 4.9 Nickel 

III. QUANTITY OF WASTE i GENERATION RATE 

.033 mq/l 
1.58 

A. Amount of waste on band for immediate disposal - 370 cu yd 

B. Rate of generation - 400 cu yd per year 

,. 



.~ 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 to 20 eu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transportation - I44 to I270 to 40 to I70 to Wright 
City to H to M to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in ease of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

• 
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I 
RONALDLIUCH 

• HAZARDOUS MATERIAL 

·, PI.ANT ENG. & ENVIRONMENTAL l'lANNINO 
I 

/. 
' • AND WASTE WATER SPECIALIST 

>F NATURAL RESOURCES 
>ISPOSAL REQUEST 

office use 
Request 
No.BHS- S,\;\S ()Cc"Sc~ .. 

• 

• 

P.O. BOX 1111. OETAOIT ... 41211 3131856·2124 

Waste Hauler 

Name: B.H.S.,Inc 
Address: Rt. 1 Box 116-F 

Wright City,Mo. 63390 
Michael D. Gill 
314-7-tS-3371 

B.H.S., Inc 
Same 

City,State,Zip: Same 
same Contact Person 

Telephone No. Same 

Waste Generator Waste Location 

Name: 
Address: 

Chrysler Corp. 
1001 No HWY Dr. 
Fenton, Mo. 63026 
Ken Hermann 
314-3t3-2500 

State Id t 01028-005 
Fed Id t MOD 

City,State,Zip: 
Contact Person: 
Telephone No. 

Same 
Same 
Sam~ 

II. WASTE CHARACTERIZATION 

A. Name of waste - Waste water treatment sludge! 

B. Description of generation process Heavy metals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

c. Basic physical state @ 70 F - sludge 
pH - 11. 9 * Flash-. Point - XXX C 
' Moisture - 53 ' * Specific Gravity - 1.33 ~ml * 
Pumpable - No Odor - None 
Pree Pluid - No Pree Plowing - No 
' Organic Liquid - < 5 ' Vol @ 600 C - 68 ' * 

* Analysis performed by Laclede Lab on 18 June 1984 

D.· Known hazards of the waste - Toxi.c 

E. Chemical composition - T.E.P. Analysis 
Barium 1.2 mg/1 Chromium 
Lead t.9 Nickel 

III. QUANTITY OF WASTE i GENERATION RATE 

.033 mg/1 
1.58 

A. Amount of waste on hand for immediate disposal - 370 cu yd 

B. Rate of generation - tOO cu yd per year 

, 



·' 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 to 20 cu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transportation - I44 to I270 to 40 to I70 to Wright 
City to H to M to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable efe wash 

c. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

• 



I 
. • RONALD I. RICH _,.., 

• HAZARDOUS MATERIAL - .,. ' 

I PLANT ENG. • ENVIAONMENT M. PLANNING 
I 

1 • • AND WASTE WATER SPECIALIST • 

I 

~·mf.~LER 

>F NATURAL RESOURCES 
>I~POSAL REQUEST 

office use 
Request 
No.BHS- B\.\S ("(('o:;c~ 

• 

• 

w RATION 

PO. BOX 1111. DETROIT. Ml 41211 313/1166·2124 

Waste Hauler 

Name: B.H.S.,Inc 
Address: Rt. 1 Box 116-F 

Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

B.H.S., Inc 
Same 

City,State,Zip: Same 
same Contact Person 

Telephone No. Same 

Waste Generator Waste Location 

Name: 
Address: 

Chrysler Corp. 
1001 No HWY Dr. 
Fenton, Mo. 63026 
Ken Hermann 
314-343-2500 

State Id t 01028-005 
Fed Id I MOD 

City,State,Zip: 
Contact Person: 

Same 
Same 

Telephone No. Same 

II. WASTE CHARACTERIZATION 

~. Name of waste - Waste water treatment sludge .• 

B. Description of generation process Heavy •.tals are 
flocculated out then allowed to settle in sedimentation lagoons. 
Solids from lagoons are being filter for disposal. 

c. Basic physical state @ 70 F -
pH - 11.9 * 
' Moisture - 53 ' * 
Pumpable - No 
Free Fluid - No 
' Organic Liquid - < 5 ' 

* Analysis performed by Laclede 

sludge 
Plash Point - XXX C 
Specific Gravity - 1.33 gmtml * 
Odor - None 
Free Plowing - No 
Vol @ 600 c - 68 ' * 

Lab on 18 June 1984 

D. Known hazards of the waste - Toxic 

E. Chemical composition - T.E.P. Analysis 
Barium 1. 2 mg/1 Chromium 
Lead 4.9 Nickel 

III. QUANTITY OF WASTE & GENERATION RATE 

.033 mg/1 
1.58 

A. Amount of waste on hand for immediate disposal - 370 cu yd 

B. Rate of generation - 400 cu yd per year 

,. 



.~ 

0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 to 20 cu yd bulk 

B. Type of Vehicle - Roll-Off Truck 

c. Label identification - Hazardous Waste Solid NOS 

D. Route of transportation - I44 to I270 to 40 to I70 to Wriqht 
City to H to M to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handlinq waste - Rubber qloves, 
safety qlasses, portable eye wash 

c. Safety precautions durinq handlinq - Incompatible with stronq 
acids 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None. 

B. Amount and frequency of disposal - 400 cu yd per year 

c. Disposal technique - General trench. 

• 

• ~ 

• 
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M I Oo ~ 11. 1.' 1 

Monsanto 

MONSANTO INDUSTRIAL CHEMICALS CO. 
1700 South Second Straat 
St. Louis, Missouri 63177 
Phone: (314) 622-1400 'n -1 ~l.;.'f 

December 20, 1983 

Mr. Mike Gill 
Bob's Home Service 
Route 1, Box 116F 

.Wright City, Missouri 63390 

Dear Mr. Gill: 

We currently have up to 500 yd.3 of gravel and dirt contaminated 
with a mixture of Alachlor and Diethylaniline. I would estimate 
less than 25% of the material is organic. The compound is con
sidered mildly toxic by oral ingestion, non-lethal by skin absorp
tion and non-irritating upon skin contact • 

At your request we collected samples of the material and performed 
the following analysis (averages reported). 

Specific Gravity 
pH (1:1 Material to Water) 
% Volatiles @ 100°C 
% Volatiles @ 600°C 

- 2.42 
- 7.3 

1. 77% 
- 4.69% 

Please understand that a truly representative sample of this type 
of material would be impossible to obtain. The estimate that pos
sibly up to 25% of the material is organic represents a worse case 
situation. If this material is acceptable for landfill at up to 
25%, then lower levels of organics should not be a problem. 

For your information, I have a attached a copy of our ~tate regis
tration form for this material. 

Please call if you have any questions • 

. J Jl Yours very truly, rr""tu. ~ ;.. "Z. ~ - J 'I~ 7 
~t.,~ 
Richard L. Koenig 
Sr. Environmental Protection Technician 

RLK:cs 
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MISSOURI DEPARTMENT OF NATURAL RESOURCES 
aA~US WASTE DISPOSAL REQUEST 

office use 
Request 
No. ____ _ 

I. GENERAL~RMATION 

Name:.~ Addres . 
City,Sta e,Zip: 
Contact Person 
Telephone No. 

Name: 
Address: 
City,State,Zip: 
Contact Person: 
Telephone No. 

Applicant 

B. H. S.,Inc 
Rt. 1 OX 116-F 
Wright City,Mo. 63390 
Michael D. Gill 
314-745-3371 

Waste Generator 

Monsanto <Oueeney) 
1700 S. Second St. 
St. Louis, Mo. 63177 
Richard Koenig 
314-622-1400 

II. WASTE CHARACTERIZATION 

Waste Hauler 

B.H.S., Inc 
Same 
Same 
Same 
Same 

Waste Location 

State Id I 01002-127 
Same 
Same 
Same 
Same 

A. Name of waste 
Diethylaniline. 

Dirt contaminated with Alachlor and 

B. Description of generation process - Dirt from construction 
project involving a railroad spur. 

c. Basi.~ physical state @ 70 F - Solid 
pH- 7.3 Flash Point - N/A 
% Moisture - 2 ' Spec-ific Gravity -
Pumpable - No Odor - None 
Free Fluid - No Free Flowing - No 
% Organic Liquid - < 5 ' Vol @ 600 c - 5 % 

D. Known hazards of the waste - Toxic 

E. Chemical composition 
Dirt/Gravel 99 % 
Diethylaniline 1 % 

Alachlor 

III. QUANTITY OF WASTE & GENERATION RATE 

1 ' 

c 
2.42 qm/ml 

A. Amount of waste on hand for immediate disposal - 500 cu yd 

B. Rate.of generation- One time only 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Lonq Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 20 cuyd bulk containers 

B. Type of Vehicle - Dump trailer 

c. Label identification - 9189 

• 

D. Route of transportation - Broadway to 40 to I70 to Wright Cit~. 
to H to M to Muenz to Site ~ 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

c. Safety precautions during handling - Incompati-ble with strong 
acids and oxidizers 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 500 cuyd one time only 

C. Disposal technique - General trench. 

• 

.. 
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• 
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I. 

MISSO~EPARTMENT OF-NATURAL RESOURCES 
HA~US WASTE DISPOSAL REQUEST 

GENERAL INFORMATI~ 

Waste Hauler 

office use 
Request 
No. ____ _ 

~ Applic,nt 

Name: B.H.S.,Inc B.H.S., Inc 
Same Address: Rt. 1 Box 116-F 

City,State,Zip: Wright City,Mo. 63390 Same 
Contact Person Michael D. Gill Same 
Telephone No. 314-745-3371 Same 

Waste Generator Waste Location 

Name: Ramsey Corp. 
Address: 1233 Manchester Rd. 

Manchester, Mo. 63011 
Roy Tiefenbrunn 
314-394-3700 

State Id t 01245-017 
Same 

City,State,Zip: Same 
Contact Person: Same 
Telephone No. Same 

II. WASTE CHARACTERIZATION 

A. Name of waste - Wastewater treatment sludge 

B. Description of generation process Plating waste is 
neutralized then passed through filter press. 

c. Basic physical state @ 70 F -
pH - 9 

Sludge 
Flash Point - N/A C 
Specific Gravity - 1.25 qm/ml 
Odor - None 

% Moisture - 64 % 
Pumpable - No 
Free-Fluid- No 
% Organic Liquid - < 5 % 

D• Known hazards of the waste 

E. Chemical composition -
Barium .003 % 
Lead .11 
Oil & Grease .74 

Free Flowing - No 
Vol @ 600 C - 71 % 

Toxic 

Chromium 
Zinc 

3.8 ' 
.0018 

III. QUANTITY OF WASTE & GENERATION RATE 

A. Amount of waste on hand for immediate disposal - None 

B. Rate of generation - 30 cuyd per month 



0 - No Hazard 
1 - Minor Irritation 
2 - Hazard With Long Exposure 
3 - Hazard With Short Exposure 
4 - Hazard Immediately With Exposure 

IV. TRANSPORTATION 

A. Containers used for transportation - 15 cuyd bulk containers 

B. Type of Vehicle - Roll-off truck 

c. Label identification - 9189 

D. Route of transportation - Manchester to 141 to 40 to I70 
Wright City to H to M to Muenz to Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

• 

A. Emergency procedure to be followed in case of accidental spill 
- Wash exposed skin with soap and water. Shovel into container. 

B. Necessary safety equipment for handling waste - Rubber gloves, 
safety glasses, portable eye wash 

C. Safety precautions during handling - Incompatible with strong 
acids 

VI. TREATMENT, STORAGE, OR D!SPOSAL 

A. Pre-treatment - None 

B. Amount and frequency of disposal - 30 cuyd per month 

c. Disposal technique - General trench. 

• 



• .. · . 

·> MISSOURI DEPARTMENT OF NATURAL RESOURCES 
· · .,,;~.::HAZARDOUS WASTE DISPOSAL REQUEST 

.• .... . . 

II ~FFICE USE 
Request I No. ____ _ 

Applicant Waste Hauler· 

Name: Bob~• Home Service, Inc Transenvironmenta 1 Corp •.. ---·- . 

Address: a. a. 1, Box 116-F ·---- ll. a. 1, Box ~16-!_1_ 
City, State, Zip; Wright City, Mo. 63390 

. .. - -~right Ci~l• Mo.: 63390 
Person to Contact;. JAMS Zy~an/Mike Gil!_ Mike Gill -·--···--·---
Telephone ~~er: .J.l4•745-3711 314-745-3711 __ __._ _____ ·-···· ·---. ---·- .. ·-·--

. Waste Generator Waste Location 

Name·: saae. 

Address: 
City, State, Zip: 

Person to Contact: ~B.:.i:::c~ba=-:r:.:d::.....:::W:.::i=.dd=ow::.:.:•:.::on:::·:.___-+---.. -------
JelephORe NUIIIber: 314·449-3756 

' . 

A. Nimt of waste Platina rinse water waste treatmeDt sludge 
a~ _Description- of generation process See enclosed diagram 

C. Basic physical 

1;::1 ~o11d 
state tl 70°F 

. .. :·:·_· · :.::; .. ~~,$J\Idge t~zos sol ids) 
' ·· -c::::J Slurry (<201 sol ids 

· c:::J Liqu.1d (<SS solids) 

, L::7 Contained gas 
CJ Q~a.,.r, - specify __ 

pH 7 ;6 

Flash point n/a · 
Pensky-Martins Closed Cup (ASTM D-93-23) 

Moisture t by we;ght. _ _;;..63.,.._.4 ____ _ 

SpecHic gravity ___ n...;../a_· ----:--
Pumpable: Yes ______ No ___ No __ 

Odor: Yes ____ No No _ 

Fuel Value (BTU/lb)_ n/a 
Liq. viscosity @ 70°F n/a _c.p. 
free Fluid: Yes No __ ~------



. o. Known hazards of the waste 
0 Infectious 
CJ Explosive 

L::7 Strong Oxidizer 
0 Reactive 

0 Fla~m~able 

lKJ Toxic 
c:J Corrosive c::J Other .. specify _________ _ 

E. Chemical composition 
Major Components wt.% Concentration ppm 

1 d 1 i ee enc ose ana Lys s 1. s 
2. (this analysis is from the 

3. 

4. 
5. 
6. 
7. 

Nebraska Plant bu~ 1s .~yp1c --* •" - f"-, ·-""-~- 11 __ .. 
aJ. 

-··- ., . 
----

.·:· .. . . . ·'I). t:: ... 

Total 
Attach chemical analysis except in the case of contaminated empty 
containers. 

" -=--.. -IV. TRANSPORTATION-.-·----·. 

A. Containers used for transportation 
IZJ DOT approved s tee 1 drums ts.£ga 1) c:::::J Used drums ( ga 1) 

L::7 Bulk ( cubic yards) L::7 Fiber drums (____gal) 
D Cases, cartons (size,· number/case )c:J Paper bags --
0 Other - specify-------------·--- __ _ 

B. Type of vehicle 
fSi! Tractor-tra·n er 
L::7 Roll-off/Lugger 
c::::J Dump truck ( ,.,; th cover) 

c::J Flat bed 
0 Tank t:rucl< 
0 Other _____ _ • 



• 
-==== .. 

• 

·c 

• 

C. Label identification - Warning_~~!l.~--------·--·--. ---·-----

------------------------·-- -·------------·--
--------------------- ·-- ------------------

D. Route of transportation (location of waste to disposdl site) __ _ 
Route B to Bus. 70 to 170 to Wright City • H toM to 
B.H.S. Site 

V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emergency procedure to be followed in case of accidental spill (attach 
additional information if necessary) _____________ _ 
Wash exposed skin with soap and water. Shovel back 
into container and dispose of _in pr_op;_e_r __ a_r....,.e_a_. _____ _ 

B. Necessary safety equipment for handling waste 
Q!!;[ Protective clothing/suit CJ Self-contained breathing apparatus 
L::7 Rubber gloves L::7 Absorbent 
£::7 Rubber boots 
~ Face shield/goggles 
t:::J Respirator 
CJ Gas Mask 

~ Portable eye wash/shower 
CJ Lime.....;. _________ lbs 

£::7 Pump truck with water 
CJ Type "B" fire extinguisher, 

fire blanket 

r=:J ·other- specifY .......... --·----------------

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste) ________ _ 

Take care not to iriaest sludae 

VI. TREATMENT, STORAGE, OR DISPOSAL 

A. Pre-treatment 
0 De-watering 

None 

L::7 Solid-liquid separation 
c::J Chemical fixation 
c::J Neutralization 

. c:J Other- specify _________ _ 



B. Amount and frequency of disposal 
L::7 One time only ~ Periodic 
Amount (gallons, cubic yards, tons, pounds) 47 drums 

Amount/Time 57 drums every 4 months 

C. Disposal technique 

1:81 Trench burial - location, type Alkaline 

C1 Chemical 1 andf:i 11 1 . .. .. : :• 
' J :_ ... 

L::7 Storage tank for recovery :liquids - tank no. --------
L::? Lagoon £::7 Soil blending 
OJ~v_aporation pond.:F ·.-~:·· ·rc::::J:S,tt>ay irrigation 
t:f!!!rJ Qr:.i·l-led ~ell Alkaline Area:. O··laJIId ·spreading 
L::7 Other - specify -----------------------------------------

·--· --·-- ·-----=-. 

If granted this requ~st, we the undersigned agree to abide by the rules, 
regulations, orders and decisions of the Missouri Department of Natural 
Resources and the fequirements specified in this application. We hereby 
certify that th~ subject waste and the proposed disposal procedures are 
co,•;patible \·lith th(: geological and environmental setting of the dhposal 
~ite. ':le affirm that the i.nformation in this application is to the best 
of oJr knowledge and belief~ true. complete and accurate, and understand 
that in the event of any false or fraudulent information in this request 
or of failur~ to operate the disposal operation in a proper and legal 
manner, the disposal ar~a operating permit may be revoked. 

Date 

S1gnature of Technfcalconslll tant Date 

• 

•• ~ 

• 
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ENGINEERING SURVEYS AND SERVICES 
TESTING LABORATORY 

1113 Fay Street Date 19 April 1983 
Columbia, Missouri 65201 

Phone: (314) 449-2646-· Lab No. ___ 7_4_9 ____ _ 

Project: Industrial Waste-Square D Company 

Location: Columbia, t-1issouri 
Sample No./ 
Description:l/ Metal Hydroxide Sludge 

TEST RESULTS (Fa.s Received Basis) 

PARAMETER 

Volatiles @ 100°C, % 
volatiles @ 600°C, % 
pH 
Specific Gravity @ 4°C 
Moisture, % 
Total Solid, % 
Total Cyanide, ppm 
Total Copper, ppm 
Total Zinc, ppm 
Total Magnesium, ppm 
Total Chromium, ppm 
T~tal Iron, ppm 
Total Calcium, ppm 
Total Nickel, ppm 
Total Tin, ppm 
Total Arsenic, ppm 
Total Barium, ppm 
Total Cadmium, ppm · 
Total Lead, ppm 
Total Mercury, ppm 
Total Silver, ppm 
Total Sulfides, ppm 

Date Received: 11 Narch 1983 * 

66.4 ~ 
3 3. 6 D (- "I o-le...\ ~oL.ad 
8.7 
1.24 

66.4 
33.6 
s2.0 

1,06.5 
18,262 

634 
1,088 
2,692 

58,240 
21,008 

666 
sl.O 

270 
7.3 
5.2 

sl.O 
7.3 

416 

.. 
' .... 

*Sample secured by Rich Widdowson at Square D Company 

CC: 1 Widdowson ENGINEERING SURVEYS AND SErtVICES 
BY: 



I 
,., ' -· ··- . MISSOURI bEPARTMENT OF NATURAL RESOURCES 

'HAZARDOUS WASTE DIS~OSAL REQUEST 

OFFICE USE 
Request 
No. _____ _ 

::::;~~~;=========;=====::~:=;:::==:::::=~-:::::-::~· -,=====-=·· ~--~-----------
I. GENERAL INFORMATION 

--- -- ... ---:.------·-----::-·--·-·--== 
----r__;::..:--=:::::.:.::.::.::..:::~~~!.!...:...:~--------------- ---- ------·-- ---

• 

Applicant ·.~aste Hduler 

Name: 
Address: 

b'a Home Service Inc. 1l•H.S., Inc. or licensed 

R. R. 1, Box 116-F ·------------ hauler 
City, State, Zip: Wright City, Mo. 63390 ______________ _ 
Person to Contact: Mike GilUGl•llE~~- -~Y~~~ . ____ . ____ ---·----· ___ _ _____________ _ 
Telephone Number: _214-745-3371 ------·- -····------- ·-- ·-------- ---- --------·--· 

Waste Generator Wi.tste location 

Name: Union Carbide Corporati ___ _ 
Address: P. o. Box 280 
City, State, Zip: Don Carrick 
Person to Contact: _M_a_r~~~i_l~l_e~,~~-·_6_4_4_~-~~~~~~----__;~~ 
Telephone Number: 816-582-8131 

=- ~-===!i!=:====:=:~:a:=~======;;::::;;;:;;=;;::;;~::=;:::====-:-----·- -- ' .. -- --- --··. . -~ 
II. WASTE CHARACTERIZATION 

.. ..::.:..;;...~-=·---==--==·-=-=-=·==--=--=-~=~-== 

• 

A. Name of waste Complete cell scrap ~d partial cell scrap 

B. Description of generation process Batteries ·that do not meet min11DUID 
apeca and ~- material 

C. Basic physical state @-70°F 
lX/ Solid pH. _____ -:>_7 __ ...,...._ ____ _ 
£::7 Sludge (>20% solids) · Flash point· none 

Pens ky- Ma r--:-t -:-i n-s-c=lr-o-s e-d~Cu-p-.,-( A.-:::s=TM~D:--=93::--~2 3-::;"'1)" 
L::7 Slurry {<20% solids 
L::7 Liquid (<5% solids} 
L::7 Contained gds 

CJ Other - specify __ 

Moisture ·~ by weight __ ]~~~ inside casing only 

Specific gravity ___ r;t/a ------
Pumpable: Yes _____ No no 

Odor: Yes No no ---
Fuel Value (BTU/lb) n/a 
liq. viscosity@ 70',: n/a c.p • 

-u..~---~-

·Free Fluid: Yes No no ----



.. 

D. Known hazards of the waste 

0 Flanvnable CJ Infectious CJ Strong Oxidizer 

aD Toxic CJ Explosive CJ Reactive 
c::J Corrosive L::7 Other - specify 

E. Chemical composition 
Major Components 

1. zinc 
2. 
3. 

4. 

5. 
6. 

7. 

water 
Potassium hydroxide 

Mercurv 
Miscellaneous 

Total 

-

wt.% Concentration ppm 
13.5" 
13.~ 

6.5" 
o.~ 

66.~ (seE enclosed le1 

Attach chemical analysisexcept in the case of contaminated empty 
containers. 

ter 

· B. Rate of generation (gallons, cubic yards, pounds, tons, per hour, 
day, week, month, year or one time only): lf.3 cu. yds. per day 

IV. TRANSPORTATION 

A. Containers used for transportation 
LZJ DOT approved s tee 1 drums ( _2.{_'_ga 1) · L::7 Used drums ( _____ gal) 
c:J Bulk ( ____________ cubic yards) CJ Fiber drums ( __ ga 1 ) 
CJ Cases, cartons (size, numbel·/cuse ____ )CJ Paper bags 

0 Other - spE~ci fy_ --------· ·----------·-·-- ·---- _____ _ 

B. Type of vehicle 
~ Tractor-trailer c:J Flatbed 

c:::J Roll-off/Lugger c::J Tank truck 

CJ Dump truck (with cover) c::J Other_-

• 

• 



• 

• 

•• 

-.. 
C. Label identific1.1tion- Warning BHSXXXX "Controlled Waste - Federal 

, . -----·--- -·-- . -- --- ·-. -- . - ---------
and. State Law prohibita Improper disposal" 

-----------------

0. Route of transportation (location of waste to disposal site) __ _ 
!29 to 71 ti !70 to Wright City - H to M to Muenz to Site 

- --------- . ---- --. --- ··-··- -··-· -····-- -·. ·ii;·-·:;::·-i:;=-·=---=· :::.;..·· ~;.:..:..:....;._c_:_.c..;=-"--==~~-=-=-=-=·-'-· _.::;--:..=...:=-· 
V. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. Emerg~ncy procedure to be followed in case of accidental spill (attach 
additional information if necessary) Wash exposeg_ skin with soap and 

wa:teF. S~Qvel back 1Dto containers. -----

B. Necessary safety equipment for handling waste 
L::7 Protective clothing/suit L::7 Self-contained breathing apparatus 
~ Rubber gloves L::7 Absorbent 
L::7 Rubber boots 
L::7 Face shield/goggles 
c::::J Respirator 
c:::::J Gas Mask 

L::7 Portable eye wash/shower 
c:::J Lime. ___________ lbs 

c::::J Pump truck with water 
CJ Type "B" fire extinguisher, 

fire blanket 
c::::J Other···;.; ·specify ____________________ _ 

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste) _______________ _ 
Incompatible with acids 

--··. _, _____ - :.-: ______ -- _______ .,;:._~--'--· . =.. -VI. --T=-=R-=-'EA=T~ME.NT, SfORAGC- tfR-llfSPOSAT ___ -·-- . 
---· _ ___;_;;;_:__~=-.;.~;.;...;,...;...~-----------·--·-·---·-- ---- --- - - ·- .. --· ------ ----- .. ---------------

A. Pre-treatment None 
0 De-watering 0 Chemical fixation 

• L::7 Solid-liquid separation 

0 Other - specify·------

L::7 Neutralization 

------------..,....------------------ ------



B. Amount and frequency of disposal 

c:::J dne time only lXl Periodic • 
Amount ( ga 11 ons, cubic yards, tons, pounds) 80 drums every one to 
Amount/Time two weeks -

----------·-------
C. Disposal technique 

GJ 
c:::J 

Trench buri a 1 - 1 ocati on,. type_. -~1~~_!_1~~---. _ ··----- __ --·-
Chemica 1 1 andfi 11 

c:::J Storage tank for recovery liquids- tank no. 
0 Lagoon 
0 Evaporation pond 
L::7 Drilled cell 
L::7 Other - specify 

c::J 
CJ 
CJ 

Soil ~lerding 

Spray irrigation 
Land spt·ead i ng 

VII. CERTIFtcAf16N- ··=·:..;;-··=====-======-=- ··- -=======: 
-------'------'------ ---· ----- ·---··- -··------ ----

If granted this request, we the undersigned agree to abide by the rules, 
regulations, orders and decisions of the Missouri OejJartment of Natural 
Resources and the requirements specified in this applitntion. We hereby 
certify that the subject waste and the proposed disposal procedures are 
compatible with the geological and environmental setting of the disposal 
site. We affirm that the information in this ap~1 ication is to the hest ~ 

of our knowledge·and belief, true, complete and accurate, and understand 
that in the event of any false or fraudulent information in this request 
or of failure to operate the disposal operation in a proper and legal 
manner, the disposal area operating permit may be revoked. 

·------ ··-·--- ·---::---:---Slgnature of Applicant Date 

/ ' -· . 
/ _,--; · .. ·-----~ 

. /. l 'l (- ... ) .~ / < 
" ' . L~ \, 

-., • - ,_ (c·· 
I .; 

of Technical Consultant-· Date 

• 
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Quantity: 1.1 Cubic Yards I Day (2~40 Lbs. I ~ay} 

·' .. , 
Composition: 

Zinc Metal 

Pounds 
--·~-- ._ .. __ 

356 
343 

172 

_J __ ~y~~~;-~t_.: . 
13.5 

t!atcr (No rt·ee f·ioi~.ture) 

Potassium Hydroxide (I.OH) 

Mercury Metal 

*Miscellaneous Materials of 
~~inimal Environ11.ental Concern 

Total 

21 

1748 

2640 

13.0 

6.5 
·o.s 

___ .£.§_.2 __ 

100 

Form: -~·.tYel enclo~ed, 1.5 volt dry cells; quite similar to those usi!d' for 
toys, flashlights, radios, calcu1ators, ~111oke alarms, etc .. :·::rMost are 
.,.., :hout the outs; de jackets that con~ titute the 1 abel showirtg ·produ 
iclt:!ltification and other sales infonnation. Note the dlkaline natu 
.. ~ this waste. ·• ;,~ ,.-

* Ctn .i ·~; of_~,anga~ese Oio~ide {Mn02) ~2%, ste;l 32%, carbon 6%,.· brass 
n) I· ' . ;. • paper 2•, Port 1 and cement L .. , CMC L., ce 11 ophane and rubLer 

·-~ 

.: . / 

, , :.~ ~ .. :,~;,. -/~i~ry· ~:. 

.~· 'r 

tt:. 



. "' 
~~~)*" 

I. 

. \ i.i! ' . . I I I ~· .II • :. I .. .' ' , L 
. --~··.- . 

c::u_ ... ,.~::.'IP ______ ··-~ 
• 

Qui.lntity: ~.2~ Cubic Yar.Js I Dily (7,L00 Lbs. I ~Jy) 

"cOiiipos it ion: Puu11ds 

Zinc Metal 
Water (No Free Moisture) 

PotilSS i urn llyorox ·ide ( 1:011) 

Mercu1·y Metal 

•·r~·isccllcweous l~id.e:.-ic~ls of 
f,.ir.imal Envirun:;.c:ntal C0nce:rn 

Total 

1064 

1024 

S12 

(.3 

13.5 

13.0 

6.5 

0.8 

:·6.2 

Form: Steel enclosed, 1.5 volt dry cells; quite similar to those used for toys, 
flashlights, radios, calculators, S1110ke alarms, etc. ~::;st ;;r.: wi~hout 
the outside jacket that constitute the label showing product identification 
and other sales information. Note the alkdline nature of this ~aste. 

* Consists of Manganc~e Diu .... Hic (Mn02} S2X, st.f'r:l 32%, c<trl·on 6,:, tr·Jss 3%, 
nylon 2%, paper 2%, Portlr111d ct-ment 1r, OlC l~;., ctl1o~.!lclf1C ;:u1d· rubber 1%. 

~;.. ... 

.r.; ,. ... 
. . ·.•· 

.J..:. 

-



.. 
MISSOURI DEPARTMENT OF NATURAL RESOURCES 

HAZARDOUS WASTE DISPOSAL REQUEST 

I. GENERAL INFORMATION 

Applicant . 

Name: Bob's Home Service, Inc. 

Address: R. R. 1, Box ·116-F 
City, State, Zip: Wright City, Mo. 63390 
Person to Contact: Mike Gill/Gler.nnn Zykar 

OFFICE USE 
Request 
No. 

Waste Hauler 

B.H.S., Inc. 

same 

Telephone Number: 314-745-3371 -----------------------L-----------------------
Waste Generator Waste Location 

Name: same 
Address: 

City, State, Zip: 

Person to Contact: -.:!:L:!•!•::S!:!t !;:1'~f8!!51J~s~5i~E~flib-{=J~~:l.a:i:-:[_ ____ --ro __ _ 

~ ~le~ooeN~~r: ~3_1_4_-_~7~8_-~5~4_0_1 ____________ ~--~~~~~~~~~~ 

~ 

II. WASTE CHARACTERIZATION 

A. Name of waste Wastewater treatment sludge 001 
B. Description of generation process Wastewater treatmer.t sludge from zir~ 

electroplatir.g operations. 

C. Basic physical state @ 70°F 
c::J So 1 i d pH_---::61U. • .J.9 ____ ...._ _____ _ 

l2!J Sludge (>20% solids) Flash point.~~n="n~ne~r--:;"'---'7"'r..l~~~~ 
L::7 Slurry (<20% solids Pensky-Martins Closed Cup (ASTM D-93-23) 

65% c:::J Liquid (<5% solids) Moisture% by weight,_~;::.,_ ______ _ 

1.2 c:::J Contained gas Specific gravity __ _.;;.;;..;;;.. _____ _ 

CJ Other - specify Pumpable: Yes ___ _ No no 

Odor: Yes No no ------
Fuel Value (BTU/lb) n/a 

---~-----------
Liq. viscosity @ 70°F ·nLa c.p. 

Free Fluid: Yes No no -----



D .. Known hazards of the waste 
L::7 Flammable L::7 Infectious 
CKJ Toxic c::J Explosive 

L::7 Strong Oxidizer 
c::J Reactive 

c:::J Corrosive c::J Other - specify -------------------
E. Chemical composition 

Major Components 
1. See analysis 

2. 
3. 
4. 
5. 
6. 
7. 

Total 

wt.% Concentration ppm 

Attach chemical analysis except in the case of contaminated empty 
containers. · 

• 

------~I~I~I.~Q~U~AN~T~IT_v_o_F __ wA_s~TE~&-G~E~NE~AA-T~I~O~N~AA-T~E~. -------------------------------'It 
A. Amount of waste on hand for immediate disposal : __ 3_5_d_rum __ s __ _ 

B. Rate of generation (gallons, cubic yards, pounds, tons, per hour, 
day, week, month, year or one time only)=--------------
0.5 cu. yards per week 

IV. TRANSPORTATION 
A. Containers used for transportation 

L::7 DOT approved steel drums ( ____ gal) ~Used drums (~~gal) 
CJ Bulk ( cubic yards) L::7 Fiber drums (_gal) 
L::7 Cases, cartons (size, number/case ___ )c::J Paper bags 
c::J Other- specify __________________ _ 

B. Type of vehicle 
~ Tractor-trailer 
L::7 Roll-off/Lugger 
L::7 Dump truck (with cover) 

c:::J Flatbed 
c:::J Tank truck 
c::J Other ________ _ 

. .. 
i.J 

• 



..... 

• 

• 

·C. Label identification - Warning BHSXXXX Controlled waste State and 
Federal law prohib~t improper disposal. Manifest Document 
number. 

D. Route of transportation (location of waste to disposal site)_,...,~-
52 to 54 to 170 to Wright City - H to M to Muer.z to Site 

v. SAFE HANDLING & EMERGENCY SPILL PROCEDURES 

A. ~erg~ncy procedure to be followed in case of accidental spill (attach 
additional information if necessary) wash exposed skir. with soap .and 
water. Shovel back into container. 

B. Necessary safety equipment for handling waste 
c::J Protective clothing/suit ·· c::J Self-contained breathing apparatus 
~ Rubber gloves c::J Absorbent 
L::7 Rubber boots L::7 Portable eye wash/shower 
Ld:7 Face shield/goggles 
c:::J Respirator 
L::7 Gas Mask 

CJ Lime. __________ lbs 

L::7 Pump truck with water 
L::7 Type "B" fire extinguisher, 

fire blanket 
c::J Other- specify _________________ _ 

C. Safety precautions during handling (attach handling information 
supplied by generator or from other sources, including wastes or 
materials which are incompatible with this waste)-:--------
Incompatible with acids 

A. Pre-treatment None 
c::J De-watering 
L::7 Solid-liquid separation 

L::7 Chemical fixation 
c::J Neutralization 

w Other- specify _________________ _ 



• B. Amount and frequency of disposal 
L::7 One time only ~ Periodic 
Amount (gallons, cubic.yards, tons, pounds) Approximately 26 drums. •c 

Amount/Time 90 days 

C. Disposal technique 
lZJ Trench burial - location,, type. __ _:.:A.:;.lk;;;.a.;;;;.l;;;;..i_n_e _______ _ 

L::7 Chemical landfill 
c=7 Storage tank for recovery 1 iquids - tank no. _______ _ 
L::7 Lagoon L::7 Soil blending 
L::7 Evaporation pond 
L::7 Drilled cell 

L::7 Spray irrigation 
L::7 Land spreading 

t::::J Other- specify __________________ _ 

vff. ctftf!FicAttoN 

If granted this request, we the undersigned agree to abide by the rules. 
regulations, orders and decisions of the Missouri Department of Natural 
Resources and the requirements specified in this application. We hereby. 
certify that the subject waste and the proposed disposal procedures are , 
compatible with the geological and environmental setting of the disposal ' • 
site~· We affirm·that the information in this application is to the best 
of our knowledge·and belief, true, complete and accurate, and understand 
that in the event of any false or fraudulent info~~~ion in this requ~st 

·or of failure to operate the disposal operation in a proper and lega1 
... manner, the disposal area operating pennit may be revoked. 

Signature of Applicant Date 

;:{-.:27 . .!/ 
tant 

• 



• ·l!l MID-MISSOURI TESTING 

#2542 

LABORATORY 
DETERMINATIONS MAD£ IN ACCORDANCE WITH AWWA- WPCF - APHA STANDARD METHODS ... 
601 NICHOLS COLUMBIA, MO 65201 314/442-0237 

Date: January 20, 1981 

Client: Gates Rubber Company, Attn: Lee Stevens 

Date Received: January 8, 1981 

Sample Collected By: Gates Rubber Company 

SAMPLE 

Parameter Electro-
plating 

Date 
Analyzed 

Sludge 

0 
64.6 1/15 % Volatiles @ 100 C 

% Volatiles @ 600°C 77.2 1/15 

~:ecific Gravity 

6.9 118 

1.24 1115 
total Chromium % by Weight 1.6 1/13 
Total Iron % by We-j._&ll_t 2.4 1/13 
Total Zinc % by Weight 3.7 1/19 

' 

. 
. 
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• • 
APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

1. General Information 

-- - i --

Information in Part B Application 

2 70 ·.14 (b)( 1) General description of facility 

270.14(b)(2) and (3) Chemical and physical analyses of wastes 

Access control and security description 
2 70.14 (b)( 4) of active portion 

270.14(b)(5), General inspection schedule and procedures 
270.17(d), and 
270.2l(d) 

270.14(b)(6) Preparedness and prevention documentation 

270.14(b)(7) Contingency plan 

270.14(b)(8) Preventive procedures 

270.14(b)(ll) Facility location information 
( i) and ( i i) 

2 70.14 (b)( 13) 
. 

Closure plan . 
2 70 .14 (b)( 13 ) Post-closure care __l!lan 

2 70.14 (b)( 17) Documentation of insurance 

A-1 

Location in 
RCRA Permit 
Appliqation 

Engineering 
Chapter 2 

Operations Ma 
Aooendix "P" 

••• 

1,1al 

Operations Ma~ ual 
Chapter 9 

Operations Ma 1 

Chapter 7-K 
Appendix "G" 

Operations Ma 1 

Chapter 10, 1 

Operations Ma ~ 
Chaoter 10 _l 

All of Part " ~ 

Geotechnical ~ 
Page 1 

ual 

ual 
, 12 

ual 
, 12 
II 

eport 

Engineering D 
Manual ChaQte 
Operations Ma 

sign 
6 

ual 
Chaoter 13 
Financial Reqt irements 

, 



ENDIX A. INFORMATION REQUIR~MENTS CHECKLIST 

• General Information (continued) 

• Cite Description 

Information in Part B Application (continued) 

.14 (b)( 19) 

~.2l(a) and 
~.l7(a) 

Topographic map (site plotted on USGS 
Jluadrangle maps) 

List of wastes placed or to be placed in each 
unit 

Additional Information 

Existing risk assessment reports and 
"information, including liability insurance 
analyses, claims, and settlements 

Land use and zoning map(s) for an area of 4 
miles around the unit 

Existing -aerial photographs of the facilitv 

Identify and summarize any waste analysis 
data not already submitted; provide 
additional data as discussed in text 

- ~urrent estimate of annual amount of waste 
received and description o~ any pretreatment 
process used 

Identification of any Federal, State, or 
local inspection or compliance records 
related to environmental and health programs; 
include descri2tions of any major violations 

• A-2 

~--· """"' 

Location in 
RCRA. Permit 
Application 

Part "B" 
Drawing 1 ofJ13 
Exposure Repprt 
Figure 1 

Par.t "B" Application 
Pa~t "B" Ope ations 
Manual Appen ix "P" 

Exposure Repp 
Appendix A, to 

rt 
,. D 

Warren Countl7 
Master Plan ~ ap 
and Fiaure 1 
Aerial Photo 
Mao 
Exposure Rep 
Chapter 1.3, 
Appendix "G" 

Exposure Rep~~ 
Chapter 2.1 

Exposure Rep~ 
Chapter 2.1 

rt 
1.5 

rt 

rt 

• 



• • 
APPENIJIX A. INFORMATION RI:XlU IR~MEN•rs Ct~~CKL!ST 

2. Grounq Water Pathway 

-·-... - -- -- - -r.r-- --
Information in Part B Aeelication 

270.14(c)(l) Interim status ground-water monitoripg 
results 

270.14{CTf2) Identlfication of uppermost aquifer, 
includinq flow rate and direction 

270.l4(c )( 3) Topographic maps related to ground-water 
and protection (well location, water table 
270.14(b)(l9) elevation contours, etc.) 

270.14(c)(4) Description of existing contamination 
.(!J and ( ii) --------
270.14(c)(S) Detailed plans for ground-water monitoring 

---- - _program 

270.14(c)(6) Description of detection monitoring 

--- Ero9ram .J.!!. applicable) 

270.14(c)(7) Description of compliance monitoring 
and (c)(7)(ii) program and characterization of 

- contaminated~round water (if applicable) 

270.14(c)(7)(iv) _ ACL demonstration (if any) 

270.14(c)(8) --------- Corrective actionprogram (if applicable) 

270.17(b)(l) Description of liner and leachate collection 
270.2l(b)(l) --~------------- systems-i!f applicable) 

A-3 

• 
Location in 

RCRA Permit 
Application 

-Operations Ma 
Page 4-1 Sect 
Hydrogeology 
pages 19-20 & 
"n" 
Hydrogeology 
naae~ J2. ;u. 
Hydrogeology 
plates 5, 27, 

Operations Ma 
App~ndix "O" 

Operations Ma 
Page 7-5 sect 
and naae 10-1 
Same as 
270.14(c) (5) 

Same as 
270.14(c) (5) 

Operations Me 
~ge 7-5 No i 
Operation Mar 
page_ 10-12, , 
page 10-10 SE 

Desiqn Manua 

~ual 
on C 
~eport 
Appendh 

~eport 
37, 38 
~eport 

28, 29 

~mal 

nual 
~on J 
p section 

"N" 

nual 
ontaminat 
ual 
0-13 and 
ction "N" 

page 4-2 



APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

2. Ground-Water Pathway (Continued) 

Descriot· 

Additional Information 
' 

Existing map showing location of all ~nown 
Exposure Repc 
Figure 1 

wells within three miles J number and 

rt 

location of drinking water wells 

Discussion of ground-water uses within 
Exposure Rep< 
Chapter 2.3 I 

three miles of unit 

rt 

No Map Avail; 
Regional map showing areas of ground-water 

ble 
. recharae and discharge 

Net precipitation using net seasonal rain-
Exposure Rep< 
Chapter 2.3 ,,, 

fall or other available data 

rt 

Unless otherwise reported to EPA, available 
Exposure Rep 
Chapter 3.1 

well data indicating a release, and 

rt 

information on any affected public or private 
water supplies, including populations served 

Any known food chain contamination due to 
Exposure Rep 
Chapter 3.1 

prior release from the unit to ground water I 

rt. 

A-4 

• _.:~· • ..,__ 



• • 
APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

3. Surface Water Pathway 

-~ ·~- -- - --

Information in Part B Application 
-

270.14(b)(ll) Location information related to 100 y.r flood 
(iii) thru (v) plain including variance demonstrations 

270.2l(b)(2) System for control of run-on from each 
peak discharge of 25 yr storm 

270.2l(b)(l) Systam for control of run-off from 24 hr, 
25 yr storm 

' 270.17(b)(2) Procedures/equipment to prevent overtoooing 
''" 

270.17(b)(l) Structural integrity of dikes 

Additional lnformatton l 

Discussion of surface-water uses within 
three miles of the unit, including a map 
showing the location of all surface-water 
bodies and downstream drinking water intakes 

Velocities of streams and rivers passing 
through and adjacent to the property 

A-5 

•••• 
Location in 
RCRA' Permit 
Application 

Design Manual 
Drawing 2 of J 

Design Manual 
page 4-3 

Design Manual 

Operations Mar 
p~ae 7_-8. 5.ectJ 

lpage 10-10 Sec 
Qperations..~~ 
page 10-10 Se 

page 2-1 
3 

page 3-1 

page 4-3 

ual 
on N and 
tion M-(4 
ua·l 
tion M-(4 

Exposure Repo:rlt 
Chapter 2.4 
Figure 1 

Exposure Repozft 
Chapter 2.4 

-, 



"PPENDIX A. INFORMATION REOU IREMENTS CHECKL 1ST 

). Surface Water Pathway (Continued) 

Reg. Cite ~ _ ___ Description 

Additional 

-

-
•' 

---

• 

Information (continued) 

Description of any system used to monitor 
surface-water quality, and a summary of the 
data 

Description of known releases to surface 
water, the extent of contamination~ remedial 
action, if any; and if known, severity of 
impact. 

Any known food-chain contamination resulting 
from prior release from the unit to surface 
water 

A-6 

.:.~. .• 
"'-'~ 

Exposure l'tepo t 
Chapter 2.4 

Exposure Repo t 
Chapter 3.2 

Exposure Repol t 
Chapter 3.2 

• 



• • 
APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

4. Air Pathway 
Location in 

RCRA 
Rermit 

• 
Reg. Cite Description Application 

I o~~rations Ma 
Information in Part B A22lication 

270.14(b)(9), Documentation of procedures to prevent 
210.2l(f) and accidental ignition or reaction 
(g), 270.2l(h) 
!.!!!! ( i) 

270.2l(b)(5) Plans to control wind dispersal of 
particulate matter at landfills 

270.14(b)(l9)(v) A wind rose showing prevailing windspeed 
and direction 

Additional Information 

Summary of air monitoring data and a 
description of current monitoring system, if 
any -
Population within a four mile radius of the 
unit 

Describe any known releases to air; the 
extent of contamination; remedial action, if 
any; and severitY of impact, if known 

A-7 

Chapter 3 pag 
Chapter 3 pag 
Chapter 3 pag 
Chapter 7-F 

Operations Ma 
Chapter 7-F 

Engineering D 
Appendix "B" 

Exposure Repo 
Chapter 2.5 

Exposure Repo 
Chapter 2.5 

Exposure Repo 
Chapter 2.5 

ual 
1 
3 
4 

ual 

sign 

t 

t 

t 



~PENDIX A. INFORMATION REOUIREM~NTS CHECKLIST 

s. Subsurface Gas Pathway 
Location in 

RCRA 
Application 

-- c· ----
Information in P 

• 

Description 

art B Application 
I 
I 

. 
None in addition to General Information 

___ Requirements 

mat ion 

·-------
Exposure Reporlt 

Any past disposal of municipal-type wastes (chapter 2.8 
· in the'unit: approximate quantities and dates 

of disposal, if known 

Map location of any underground conduits 
within the site and known underground 
conduits within 1000 feet of property 
boundary_ 

Descriptions of any monitoring or control 
naechanisms for subsurface gas release: 

____ surnmmai'ize resulting data 1 

Exposure Repo1:1t 
Figure 1 

None 

Description of any known releases: extent of INone 
contamination: remedial action taken, if any: 
and the severity of impact, if known 

------- --------

A-8 ~:-· .- - • 



• • 
APPENDIX A. INFORMATION REQUIREMENTS CHECKLIST 

6. Contaminated Soil Pathway 

-- Descrioti 

Information in Part B Ae~lication 

None in addition to General Information 
Requirements . 

Additional Information 

If soil sampling has been done, a map showing 
areas of soil contamination, and a summary of 
analytical results 

Description of the types of major releases 
that resulted in soil contamination, and any 

,, clean-up action 

Any known food-chain' contamination resulting 
from the use of contaminated soils for 

•• 
Location in 

RCRA 
Permit 

App 1 icat ion 

---------

No Soil Conte:~ 
Exposure Repc J 

Chapter 2.6 

None 

None 

ination 
t 

raising cro~s - -~-~~-~--~· ~-1....--- -~-

A-9 



APPENDIX A. INFORMATION REOlJIR.EMENTS CHECKLIST 

7. Transportation Information 

Rea. Cite Descriotion 

Information in Part B Application 

2 70 • 1 4 (b) ( 1 0 ) 
Traffic pattern, volume, and controls; access 
road characteristics. 

Additional Information 

• 

Description of the types and capacities ot 
vehicles used to transoort waste 

Identification of normal transport routes 
for hazardous waste into the site and within 
one mile of the facilitv entries 

Descri~tion of procedures for clean-up of 
transoortation-related soills or leaks 

Descriptions of any transport'at ion accidents 
releasing hazardous wastes on-site, or in the 
immediate vicinit 

A-10 

,\
-~'~ 

'-1 

Location in 
RCRA Permit 
Aoolication 

Engineering D~sign 
Chapter 2 pagd 2 

Exposure Repot-t 
Chapter 2.7 

Exposure Repol:"t 
Chapter 2.7 

Exposure Repol:"t 
Appendix "E" 

Exposure Repot"t 
Chapter 2.9 

• 



• ' 
APPENDIX A. lNFORMA'l'lUN RWUIREMt:N1'S CltECKLI~T 

8. Management Practices Information 

Reg._Cite Description 

Information in Part B Application 

270.14(b)( 12) 
264.16 

• 
Location in 

RCRA 
Permit 

Application 

. •• 

\Operations Matmal 
Chapters 1, 2i 10 
Appendix A, E, · Outline of programs to train employees to 

safely operate and maintain facility, · 
including emergency response activities 

·---f-1- --------

Additional Information 

Summary of existing records on worker illness 
or injury, related to the operation of the 
unit: include summaries of Workman~s 

-~------------ Compensation claims, --2!:. hospital records __ _ 

A-ll 

--
Exposure Repolrt 
Chapter 2.2· 
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t 
ROUTING AND TRANSMITTAL SLIP 

·· · ·· Action '-7-:· .. :_:. ~=; ·t~~~''~.:. File '":':."• . .,. - · ·: · · ·• · · : · 

·-;~-:·,. Approval -;,,< . .;;·f.::~,:;:"•i~:.;,:==: · For Clearance 

· · As Requested .::--;~; .. _=:;·:'-"'· For Correction."· ·.- · '. 

Circulate ·. -~ -~:·. 4,,,.._ : • - For Your Information 

Comment -··· -· . )-:: · Investigate 

Coordination Justify 

. ... 

Initials Date 

..... 

Note and Return 

Per Conversation 

Prepare Reply 

Gee Me 
Signature 

DO NOT use this form as a RECORD of approvals, concurrences, disposals, 
· 'clearances, and similar actions 

~ROM: (Name, org. symbol, Agency/Post) Room No.-Bidg. 

~ B-#-, osvl 
5041-102 

-(1 U.S. G.P.O. 19,84-421-529/402 

OPTIONAL FORM 41 (Rev. 7-76) 
Prescribed by GSA 
FPMR(41 CFR)101·11.208 

! 
. i 

I 
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Appendix D 

Justification for the TOT Criteria 

Based on Risk Analysis 

• 

August 1985 

Lve.ffc.... F(ournoy 

r<t:CEI V ED 

AUG 2 7 1983 

I JSEPA. RCRA Branch 
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~ 2.3.3 Case Study D-3 

Facility Description 

~ 

~ 

This commercial waste management facility is located on 

158 acres in the mid-west of the United S~ates. · Current opera-

tions include receipt and handling of wastes from a variety of 

generators including major manufacturers, small businesses, 

hospitals, public agencies and private citizens. In addition to 

current practices, two land disposal units, a covered storage 

warehouse and three surface impoundments are proposed. The 

facility obtained approval to operate a "Refuse Disposal Area" 

from the State Division of Health in 1971~ In 1977, the facility 

was issued a permit to landfill special industrial waste materials 

in its current operating area. The existing units consist of four 
~ ' surface impoundments, two of wh1ch (Sil and SI2) were constructed 

in 1977. Prior to obtaining hazardous waste facility permits, 

each was retrofitted with clay liners and leachate collection 

systems. Of these two impoundments, only SI2 is currently being 

used. Two additional impoundments, SI3 and SI3T, were also used 

to collect and manage surface runoff and liquid hazardous wastes 

from the facility. SI3 will be abandoned and replaced with a new 

impoundment; SI3T will be abandoned and excavated when the area 2 

landfill is being constructed. 

Climate 

Weather conditions in the site area are moderate and typical 

of the Mid-West. Four distinct seasons are experienced each 

year. Monthly average temperatures range from a low of 33.3°F in 

January to 79.4°F in July. The average annual precipitation is 

2-63 
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• 39.13 inches with a low in February of 2.04 inches and a high 

of 4.65 inches in June. 

• 

• 

Summers tend to be quite moderate with very brief periods 

'of high heat and humidity.- -Winters are not reported to be very. 

severe with 32o F temperatures existing for generally 25 days 

per year. Snowfall averages a little over 18 inches per year. 

The average date of the last freeze· is April 15, and the average 

date of the first freeze is October 20. 

Regional Geology 

The surficial features include a ridge that.extends in a 

southeasterly - northwesterly direction. The local relief south 

of the ridge is roll in·g to hilly. The general surface drainage 

pattern appears dendritic, al thou'gh many tributaries have angular 

characteristics. The highest surface water body is a lake which 

is located 2000 ft. due w~st of the project site and was formed 

by damming a tributary of a nearby creek. The permit application 

states that there is some evidence of karst topography located 

within two or three miles of the site. 

The unconsolidated sediments in the area consist·of loess; 

alluvium and glacial meterials. The loess is a thin (less than 

5 ft thick) near surface layer that ranges from silty and clayey 

to sandy at its base. 

· Alluvial deposits are located in the active channels and 

lining the valley walls of the major surface drainage features 

and tributaries. These materials range from sands and gravels 

deposited under high velocity flow to silts and clays under 

relatively stagnant water conditions. 

2-64 
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( 

Glacial deposits of the Kansan glacier, which was the only 

glacial event to reach the area surrounding the site, are also 

evident. The glacial deposits include till, gravelly and sandy 

.. 'glacial dri'ft arid bouldery gr-ound moraineS. deposited during both 

the advance and retreat of the glacier. The glacial deposits can 

further be differentiated into oxidized (shallower) and unoxidized 

(deeper) deposits. 

Consolidated deposits in the area consits of limestone, 

shale, and sandstone of the Mississippian and Ordovician with 

depths ranging from 40 feet to over 200 feet. Regional bedrock 

stratigraphy is depicted in Figure 2.3-11. The application 

states that the regional area has not experienced seismic 

activity during Holocene time • 

Regional Hydrology 

• · Some minor amounts of subsurface water occur within the 

unconsolidated sediments in the alluvial deposits, and within 

the glacial drift and till. These quantities are reported 

to be inadequate for irrigation or singlefamily dwelling usage. 

Units reported to contain sufficient quantities of water range 

in depth from 200 to 600 fee·t in this regional area. Regional 

ground-water flow in the bedrock is reported to be to the 

north-west. There are three wells ranging in depths from 200 to 

600 feet within 1/4 mile of the facility with at least one well 

being used for domestic, industrial, and agricultural purposes • 

2-65 
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~ Site Geology 

~ 

~ 

Ground surface within the site is gently rolling to hilly 

with slopes of four to five percent near the head waters of the 
. - .. 

drainage features. The site is transacted by three intermittent 

drainage streams/ditches which have developed narrow flood plains 

due to meandering. The application states there are no wetlands 

or sink holei within the project site. 

The general site stratigraphy consists of loess; glacial 

drift; glacial fluvial deposits; glacial till; and a gravelly 

clay directly overlying the rock/refusal surface. Cross sections 

(Figures 2.3-12 and 2.3-13) depict.the generalized subsurface 

geology. Cross section locations are shown on Figure 2.3-14~ 

The oxidized glacial drift is typically sand to clayey with 

colors ranging from gray to brownish yellow. This dessication 

• cracks. Laboratory conductivity values ranged from 1.2 x lo-8 

to 2.4 x lo-9cm/sec. Horizontal hydraulic conductivities from 

field pressure testing reve.aled values ranging from 1 x 10-_s to 

9 x lo-7 /sec. 

The unoxidized glacial drift is gray to dark gray in color 

and is primarily a sandy silty clay. Th.e sand content of the 

unit is reported to increase somewhat with depth. Laboratory 

permeability values were reported from 5.8 x lo-8 to 3.9 x 

lo-9cm/sec. Field tests indicate a horizontal hydraulic 

conductivity of 1 x lo-6cm/sec. Slug tests determined hori

zontal hydraulic conductivity values to range from 1 x 10-8 to 

2 x lo-7cm/sec. 
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The glaciofluvial silt and fine sand generally tend to follow 

the same contours as the auger refusal surface which is inferred 

by the applicant ~o_ be bedrock. This unit is reported to be dis

c~ntiriuou-~ below--the ·~site-ah·a--=-believed :-to'·-.be ·potnt-=bar'and depo~sits 

from glacial run-off. Horizontal hydraulic conductivity values 

from pressure testing reveal values on the order of .io-Scm/sec. 

The glacial till is generally a sandy, silty, clay with-

gravel seams and boulders. This ~nit.was not field tested to 

derive conductivity values. However, a vertical conductivity 

value of 8 x lo-9cm/sec is reported by the applicant. 

A residual soil clay layer directly overlies the auger 

refusal surface. It is reported to ·contain extensive coarse to 

fine sand and gravel seams and has not been field or laboratory 
.. 

tested to attain hydraulic conductivity values. The application 
• description concerning bedrock is somewhat limited with auger 

refusal inferred to be bedrock. 

Site Hydrology 

Site hydrologic conditions were characterized through the 

installation of piezometers to define subsurface conditions at 

the oxidized/unoxidized glacial drift interface, within the 

drift above the glaciofluvial deposit, within the glacioluvial 

deposits and at the soil-rock/refusal surface. 

Oxidized/Unoxidized Drift Interface 

Information concerning this interface is not definitive 

due to minimal monitoring well installation data from previous 

studies. The source of water at the interface is reported to be 

two man-made surface impoundments in the northwest area of the 

2-71 



(; 

• site. A ground-water velocity of five to ten feet per year was 

reported by the applicant using field rletermined conductivity 

• . . values, measured hydraulic gradients and a laboratory measured 
~- - - .·.;_. ·.-.-· --· ~---·- .. - - ~ . . - _. . . . ; 

~·' _ ..... :-~---- -~----.-- .. -

effective porosity of·----~~·JS~(EP.A :·aefaul t .vaiue. _i~ -.oiT~ 

Subsurface ground water is reported to occur under perched 

conditions in the unoxidized unit. Very little explanation 

is provided in the permit application-discussing how head data 

were obtained, and the interpretation of this head data appears 

to be ambiguous. Also, although laboratory tests are stated to 

indicate unsaturated conditions in the unoxidized drift, the 

hydrologic regime a~d the limite~ head data depicted in cross 

section A - Al suggests that all formations are saturated and 

• therefore no perched zones would be present. Downward gradients 

• 

have been measured ranging from .5 to 1.3 across the site • 
• 

Glaciofluvial Deposits 

Figure 2.3-14 depicts the potentiometric contours of the 

uppermost aquifer, the property boundaries, and points A and B 

of the A, B, C, D configuration. This unit is defined by the 

applicant as the uppermost aquifer, in the report, mainly due to 

its higher hydraulic conductivity values. No pQ~ping near the 

facility is reported to occur from this unit. From potentio

metric contours this unit appears to have radial flow with the 

source being to the southwest. Using a field tested conductivity 

value of·l x lo-3 cm/sec, __ a gradient of .06 and a default value 

effective porosity of .20, a ground water velocity of 310 ft/yr • 

was calculated. 
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~ Soil-Rock Interface 

The application states that there is no hydrologic connection 

between the bedrock and the overlying unconsolidated sediments . 

. ,.: <:'::.,, .. -,:·: ~hi_s_ ~~~te_~~~:_app~~rs -to be- based. upo[l previous studies that 
.... ~, 

state that there is insufficient artesian pressure to raise the 

water level into the sediments and that the residual soils above 

the bedrock act as a low permeability zone. 

Time of Travel 

Two TOT100 calculations for horizontal flow in the upper 

.glacial drift are presented below. One uses an applicant-stated 

.effective porosity while the other uses ag EPA default value. 

Two TOT calculation values were completed due to the uncertainty 

in the laboratory tested effective porosi~y reported by the 

~ applicant: 

• 

Hydraulic conductivity (pressure 
tests) 

Hydraulic gradient (measured from 
piezometers) 

Effective porosity 

Velocity 

AEElicant-stated 
ne 

lxlo-Scmjsec 

.02 

.35 

.sa ft/yr 

170 yrs 

default value 
ne 

lxlo-Scm/sec 

.02 

.01 

20 ft/yr 

5 yrs 

A time of travel to the aquifer was also calculated using 

a field tested hydraulic conductivity of 1 x lo-6cm/sec in the 

unoxidized drift, an applicant-reported vertical gradient of 

1.3, and an EPA.default value of .01 for effective porosity, a 

~ velocity of .4 ft/day was calculated. The drift is approximately 
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~ 50 feet thick through the center of the site: therefore, a time 

of travel to the aquifer assuming vertical flow would be approx-

ima1=:e1y 0.3_yr~ 

;.;.~.~-:;>·· <_:_:.' -Plume-~I nfor~a tion- -:~- -~ 

Minimal amounts of monitoring have been conducted to deter-

mine the extent of contamination in the ground,water. These data 

are presented in Table 2.3-7. There is a reported upgradient well 

(the B well) which is located in ·the southwest corner of the site. 

Well MW (the A well), whose location is shown in Figure 2.3-14, 

is stated to be downgradient This well is reported to contain 

elevated levels of 1,1,2,2 tetra-chloroethane, chromium and 

nickel. Very little can be said about the plume size and extent 

at the facility due to the limited data provided. It can, however, 

~ be stated that the stream running diagonally through the site has 
. . . . been impacted by contam1nant m1grat1on. It is also unclear at 

what interval monitoring well (MW) is screened. This well is 

r~ported to be 175 feet deep, ~nd from this data, it may be 

inferred that the contamination reaches this depth. 

Another concern regarding the monitoring is that constituents 

found in leachate analysis (particularly 1,2 transdichloroethylene, 

toluene, methylene chloride and 1,2 dichloroethane) have not been 

monitored for in the ground water. Due to these factors, only 
. 

limited speculations concerning the plume can be made. 

Health Risk Assessment 

The only hazardous constituents observed in the single 

~ 
ground water sample available for this case study were 1,1,2,2 

tetrachloroethane, chromium and nickel. 
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Table 2.3-7; Contaminant Concentrations (ppb} 

- -
:.:Constituent · 

Aluminum 
Chranium 
Nickel 
bis (2-Ethylhexyl) 
phthalate 

1,1,2,2-Tetrachloroethane 

1,2-Dichloroethane 

1,2-Trans dichloroethylene 

Toluene 

Methylene chloride 

NA = not available 

·.· Leachate 

NA 
NA 
NA 
NA 

<10 

2000 

1600 

3300 

3600 

• 

Ground Water 

142 
<5 
<10 
NA 

NA 

NA 

NA 

NA 

2-75 

r:G 
Well(MW) 

2970 
8 
17 
NA 

2 

NA 

NA 

NA 

NA 

Surface Water 

Upstream Downstream 
Sample Sample 

98 
NA 
NA 

<10 

NA 

NA 

NA. 

NA 

NA 

640 
NA 
NA 

38.0 

NA 

NA 

NA 

NA 

NA 

. .- .. 
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The CAG has identified 1,1,2,2 tetrachloroethane as a 

carcinogen with a carcinogenic potency of 0.20 (mg/kg/day)-1. 

Lifetime exposure to drinking water with 2 ppb of this consti-

·· · tuent ~is estimated to. represent an· increas.ed lifetime cancer-·":;"':.::.- . .:.·.,. ·.··-. 

risk of 1.1 x lo-s. 

Chromium and nickel have been identified as carcinogens when 

they are inhaled, but the CAG has not recommended carcinogenic 

potencies for ingestion. Both substances are_also recognized as 

systemic toxicants. Assuming that all of the chromium detected 

in the monitoring well is hexavalent, the hazard index for the 

two substances is 0.16, as shown below: 

Constituent Concentration Exposure ADI Hazard Index 
<:e:em> (mg/kg/day) (mg/kg/day) 

Chromium (VI) .008 :·aao2 .0021 .11 

Nickel .017 .0005 .01 .049 

Total .16 

- -

If the chromium is assumed to be trivalent, the total hazard 

index will be smaller. 

5everal hazardous constituents appeared in high concentra-

tion in the leachate analysis, but these were not analyzed in 

the reported ground-water sample. As shown in Table 2.3-7, 

these substances include 1,2 dichloroethane, methylene chloride 

(both carcinogens), and toluene (a systemic toxicant). The 

presence of these constituents in the leachate analysis suggests 

that they may also be present in the ground water • 
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Contamination has also been observed in the stream flowing 

past the site, though the information available for this case 

study did not allow determination of whether this contamination 
- - - - . . . - - . . 

nated surface runoff. The contamination is evident in the 

elevated concentration of inorganic constituents such as aluminum 

(see Table 2.3-7), but the only haz~rdous constituent observed 

was bis(2-ethylhexyl) phthalate at a concentration of 38 ppb. 

This is a systemic toxicant with an ADI of 0.60 mg/kg/day; there-

fore, ingestion of 2 litres/day of stream water would represent 

an exposure of 0.0011 mg/kg/day and a hazard index of 0.0018. 

Exposure Assessment 

Regional public and private water supply wells tap the 

bedrocK water reserve, particularly the water at a depth of 

• 200 to 400 feet beneath the ground surface. No supply wells 

are known to tap water from the first aquifer. 

The bedrock monitoring well draws water from a depth of 

160 to 175 feet. The elevated constituent levels observed in 

this well 'indicate that the bedrock aquifer has been contaminated. 

The nearest supply well is loc~ted 900 feet from the facility in 

an upgradient direction and draws from the bedrock aquifer. No 

nearby downstream drinking water wells were identified in the 

materials viewed in preparing this case study. However, the 

evidence presented indicates a sign-ificant potential for contami-

nation of existing water supplies • 
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